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In this work, the total content and the effective content of the main components of 
11 Chinese mineral drugs (CMD) were determined. The 11 CMD under study were 
fluorite (CaF2), realgar (As2S2), cinnabar (HgS), calomelas (Hg2Cl2), smithsonite 
(ZnO), stalactite (CaCO3), magnetite (Fe3O4), limonite (Fe2O3xH2O), hematite 
(Fe2O3), pyrite (FeS2) and talc (SiO2), with the main components shown in parentheses. 
The total content of the main component in the CMD was determined by the quality 
control method described in the Chinese Pharmacopoeia. The effective content ofthe 
main component and 11 other trace elements in the CMD were determined by 
dissolving the samples in a dissolution test apparatus simulating the human body 
stomach or intestine conditions. Decocting 11 CMD in water was also performed. It 
was found that the total content of the main component of some CMD such as fluorite, 
realgar, cinnabar, calomelas and stalactite was very close to 100 %. The total content of 
other CMD such as smithsonite, magnetite, limonite, hematite, pyrite and talc was 
found to be around 40-60 % of the main component. The effective contents ofmany 
CMD dissolved in the stomach and the intestine solutions were found to be very low 
and were less than 5 % of the main component in the CMD, with the exception of 
smithsonite and stalactite, which were around 60 % and close to 100 %, respectively, in 
the stomach solution. The effective content of each CMD in the stomach and the 
intestine solutions were different depenciing on the solubility of the main component of 
that CMD. For most CMD, the effective content for decocting in water was found to be 
less than 1 % of the main component. Therapeutic effectiveness ofthe CMD depends 
not solely on the main component of a particular CMD, other elements including both 
the trace elements and bulk elements may also play an important role. The effective 
content oftrace elements other than the main component was present in CMD. Toxic 
elements such as arsenic and mercury were found in a considerable amount. However, 
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1.1 BACKGROUND OF CHBVESE MEVERAL MEDIQ[NE 
Traditional Chinese medicine consists of herbal medicine, animal medicine and 
mineral medicine. Chinese mineral medicine has been used for several thousands of 
years for the treatment of some diseases. Trace elements in the Chinese mineral drugs 
(CMD) such as zinc, calcium, mercury, aluminum, copper, and arsenic have their own 
medical values. 
Elements in our body are generally divided into four main groups: essential bulk 
elements, essential trace elements, non-essential trace elements without toxicity and 
non-essential trace elements with toxicity [ 1 ]. 
Essential bulk elements are those elements that are present in the human body in 
large amounts and which perform normal physiological functions. The elements include 
calcium，phosphorus, sulphur, potassium, sodium, chlorine, magnesium and silicon. 
Essential trace elements are those elements present in the human body in small 
amounts and which perform normal physiological functions. The elements include iron, 
zinc, rubidium, strontium, fluorine, copper, boron, bromine, iodine, barium, manganese, 
selenium, chromium, molybdenum, arsenic, nickel, cobalt and vanadium. Recently 10 
elements have been proved to be essential in the human body [2]. They are iron, zinc, 
fluorine, copper, iodine, manganese, selenium, chromium, molybdenum and cobalt. 
Two more elements, namely, nickel and arsenic, have not yet been proved to be 
essential but some medicinal evidence is observed. 
Non-essential trace elements are those elements present in the human body in 
smaU amounts but with no effect on physiological functions. The elements are tother 
classified as toxic and non-toxic. The toxic elements include lead, cadmium, tellurium, 
tin and mercury. Some elements are potentially toxic including beryllium, uranium and 
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radium. The non-toxic elements include zirconium, niobium, aluminum, titanium, gold, 
lithium, bismuth and silver. Table 1 shows the main functions of essential trace 
elements in the human body. 
Table 1 • The main fimctions of essential trace elements in the human body 
Essential trace elements Functions 
ssss^^aaassai^^=s^^^=:^=s^^^^== «g»^^ _ ^ - - ^ ^ ^ - - _ - ——————— 
hon • Carrying, exchanging oxygen in blood 
• Building of red blood cell 
Zinc • Building of protein 
• Constituent of enzyme 
Copper • Catalyst for oxidation - reduction system 
Manganese • Enzymatic reactions 
Chromium • Maintenance of cholesterol, sugar 
metabolism 
Cobalt • Constituent of vitamin B12 
• Formation of red blood cells 
Molybdenum • Constituent of enzyme used in metabolism of 
prines to uric acid 
Iodine • Complete the formation of thyroxin, thyroid 
hormone 
fluorine • Formation of strong, hard bones and teeth 
selenium • Prevent muscular dystrophy 
The following tables show the four main groups of elements and their 
approximate concentration in our human body. 
Table 2. Essential bulk elements [3] 
Elements Concentration in human body / ppm 
Calcium 14000 (1.4%) 
Phosphorus 11000(1.1%) 
Sulphur 2000 (0.2%) 
Potassium 2000 (0.2%) 
Sodium 1400 (0.14%) 
Chlorine 1200 (0.12%) 
Magnesium 270 (0.027%) 
Silicon 260 (0.026%)““ 
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Table 3. Essential trace elements [4] 
Elements Concentration in Daily intake Remarks 
human body / ppm (see key) 
Iron - 60 V 
Zinc ^ RDA15 mg/dose V 
Rfd 0.3 mg/kg/day 
Fluorine ^2 Nv 
Copper 1.2 V 
Iodine ^ Nv 
Barium 0 3 Xt 
Manganese 0 2 ESADDI2-5 mg V 
Rfd 1 mg/kg/day 
Selenium 0 2 RDA 70 ^g ~ ~ N v 
Rfd 5 ^ig/kg/ciay 
Chromium 0 ^ ESADDI 50-200 ~~Nv~~~ 
^g/kg/day 
Rfd 1 mg/1cg/day 
Molybdenum ^ J Nv 
Cobalt 0.03 — V — 
Nickel — 0.1 — 
Arsenic 5 1 ESADDI 12.5-25 T 
M,g/2000kcayday 
Rfd 0.3^ig/kg/day 
Table 4. Non-essential Trace Elements [5" 
Elements Concentration in Remarks 
human body / ppm (see key) 
Lead \_J T 
Aluminum 0.9^ Xt 
Cadmium ^ T 
Tellurium 0.4 — T 
Titanium — 0.4 Xt 
Tin 0.2 T 
Gold 0.1 “ 
Lithium 0.04 Xt 
Antimony 0.04 
Bismuth 0.03 Xt 
Mercury 0.19 T 
Silver 0.03 Xt 
Uranium 0 ^ Pt 
Beryllium — 0.001 Pt 
Radium 4xlO]o Pt _ 
3 
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Key: V 一 vital to human body 
Nv - may or may not be vital to human body 
T - toxic 
Xt - non-toxic 
Pt 一 potentially toxic 
RDA — Recommended dietary allowance 
Rfd - Oral reference doses 
ESADDI - estimated safe and adequate daily dietary intakes 
The term "trace" means low concentration. This term does not mean that there 
is low concentration in the CMD but low concentration in our body. Appropriate 
dosage of such trace elements can cure the human body. However, excess dosage of 
these elements can harm the body or even be fatal. For example, realgar(J |^) is a kind 
of CMD that contains mainly arsenic sulphide. The toxicity of arsenic compounds is 
very high. It can be intaken into body for killing tapeworm. Also it can be used for 
treating skin diseases. But excessive intake of realgar may cause damage to the 
digestive, respiratory and nervous systems [6]. Therefore, the development of 
procedures for accurate determination of trace elements in CMD is a very important 
task in order to popularize the use of CMD. 
The traditional quality control of CMD focuses on the total contents of the trace 
elements [7]. However, it neglects the complication of our body digestive system and 
the therapeutic effectiveness of the drug. The total contents may not reflect the real 
effect of these trace elements in the human body, because trace elements can activate 
their therapeutic effect only if they are dissolved and absorbed by the digestive system 
ofthe human body [8]. 
Let us take an example to illustrate this point. The traditional quality control 
method for cinnabar(^J<l>) as described in the Chinese Pharmacopoeia part I in 1995 
[9] is described as follows. Concentrated nitric acid and potassium nitrate are added to 
cinnabar and then heated to dissolve the sample. The concentration of mercury (H) 
sulphide in cinnabar is determined and the percentage of mercury (H) sulphide is found 
to be over 96 %. hi real situation, trace elements can activate their therapeutic effects 
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only if they are dissolved and absorbed by the body. However, mercury in cinnabar is 
hardly dissolved in our digestive system. 
Hence, we doubt whether the therapeutic effect of cinnabar is due to mercury or 
other elements in cinnabar because the dissolved percentage of mercury in cinnabar is 
very low. The use of the total content of mercury (H) sulphide in cinnabar would not be 
reliable to describe the therapeutic effect of cinnabar. It cannot reflect the therapeutic 
effectiveness of the mineral drugs. As a result, the term "Effective content" is 
introduced. It is the concentration of trace elements to be dissolved and absorbed by the 
digestive system of our body. It can truly reflect the therapeutic effect of the trace 
elements in CMD. 
1.2 CfflNESE MEVERAL DRUGS UNDER STUDY AND 
INTRODUCTION TO THE METHODOLOGY 
The Chinese mineral drugs under study in this project were namely: fluorite(^ 
石英)，realgar(a^^), 6皿&5&『(朱砂)，calomelas(®^), smithsoni te(®#S)， 
3位化(：廿(6(鐘乳石)，magnetite®®, 1丨爪0&16(禹余烺)，&6爪&1红6(赭石)，pyrite(自然銅） 
and talc(v#5')- Their therapeutic effects on our human bodies are described in the 
following paragraphs. ； 
The main component of fluorite is calcium fluoride. It is used for the treatment 
of palpitation, convulsion, epilepsy and cough due to cold in lung, calming heart and 
wanning lung and uterus. 
The main component of realgar is arsenic sulphide. It is used externally as 
detoxicant and anti-parasitic agent for the treatment of snake and insect bites, scabies 
and taken internally to cure malaria and tuberculosis. 
The main component of cinnabar is mercury (H) sulphide. It is used externally 
as detoxicant for the treatment ofboils, furuncles, carbuncles and internally as sedative, 
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tranquilizer for the treatment of palpitation, insomnia, infantile, conviUsion due to high 
fever and epilepsy. 
The main component of calomelas is mercury (E) chloride. It is used externally 
as anti-parasitic agent for the treatment of scabies, tinea, neurodermatitis and 
eczematous conditions and used internally in small quantities as expectorant for the 
treatment of persistent phlegm. 
The main component of smithsonite is zinc carbonate. It is used externally only 
as astringent for the treatment of chronic ulcers, eczema, conjunctivitis, and keratitis. 
The main component of stalactite is calcium carbonate. It is used internally to 
warm lung, strength Yang, stimulate milk secretion, for the treatment of cough due to 
consumption, cold, impotence, cold numbness of waist and knee and galactostasis. 
The main component of magnetite is iron oxide. It is used intemally as sedative, 
tranquilizer and anti-asthmatic for the treatment of tinnitus, headache, palpitation, 
insomnia, epilepsy and mania due to exuberate of vital function of liver or heart and 
chronic asthma. 
The main component of limonite is hydrated iron (EQ) oxide. It is used 
intemally as astringent for the treatment of chronic diarrhea or dysentery menorrhagia 
and lenkorrhagia. 
The main component of hematite is iron (III) oxide. It is used intemally to 
depress the retrogrademotion of energy for the treatment of belch nausea, vomiting 
asthma and subdue the nitus and as hemostatic for the treatment of spitting blood and 
nose bleeding due to heat in blood. 
The main component of pyrite is iron (E) suphide. It is used to set fractures, 
relieve pain by dispersing stagnated blood for the treatment of traumatic fracture and 
pain due to blood stasis. 
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The main component of talc is hydrated magnesium silicate. It is used as 
diuretic and clear up summer damp-heat for the treatment of acute diseases due to 
summer heat, acute enteritis, watery diarrhea, oliguria and infection of urinary system. 
As the effective content of trace elements in the Chinese mineral drugs are under 
study, the concentration dissolved are believed to be very low. The dissolved 
concentration of the main component of these CMD may be in the ppm level. Also the 
elements other than the main component of the CMD are of interest because the 
effective mineral content of the CMD as well as the other mineral contents that are 
present in the CMD especially those toxic elements can be monitored. Therefore, 
inductively coupled plasma - atomic emission spectrometty (ICP-AES) method is 
employed. 
ICP-AES is a technique for the simultaneous or sequential multielement 
determination of trace elements in solution. ICP-AES technique is used instead of 
atomic absorption spectrometry (AAS) because AAS cannot determine multielement 
simultaneously although the detection limit for different elements ofICP-AES and AAS 
are similar. The basic of the method is the measurement of atomic emission by an 
optical spectroscopic technique. Samples are nebulized and the aerosol that is produced 
is transported to the plasma torch where excitation occurs. Characteristic atomic-lines 
emission spectra are produced by a radio-frequency inductively coupled plasma (ICP). 
The spectra are dispersed by photomultiplier tubes. The photocurrents from the 
photomultiplier tubes are processed and controlled by a computer system. A 
background correction technique is required to compensate for variable background 
contribution to the determination of trace elements. Background must be measured 
adjacent to analyte lines on samples during analysis. The position selected for the 
background intensity measurement, on either or both sides ofthe analytical line, will be 
determined by the complexity of the spectrum adjacent to the analytical line. The 
position used must be free of spectral interference and reflect the same change in 
background intensity as occurs at the analyte wavelength measured. Background 
correction is not required in cases of line broadening where a background correction 
measurement would actually degrade the analytical result. 
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The complete ICP-AES instrument consists of a radiofrequency generator, a 
coupling unit, a plasma unit with the induction coil, torch, gas supplies and flow 
controllers, and sample introduction apparatus (usually nebulizer and spray chamber), a 
monochromator or multichannel spectrometer with off-peak background correction, and 
a readout and control unit and data processing and display unit. The most common 
technique of sample introduction is to nebulize solutions pneumatically or 
ultrasonically using nebulizers of different construction. 
Many research papers have used ICP-AES to determine major, minor and trace 
elements in geological samples. They are published in manyjoumals. Nowadays, ICP-
AES is one of the well-known methods for the analysis of geological samples. For 
example, the determination of wide range of trace elements in silicate rocks by Uchida 
et al. and Walsh et al. [10，11，12], the utility of ICP-AES for the determination of 
various metal in soils and sludge analysis by Schramel et. al. [13]. ICP-AES is found to 
be very successful in the accurate analysis of minerals and whole rocks for their major 
and miner, and trace element content such as barium, cobalt, chromium, copper and 
nickel in the sample solutions of geological materials. As our study focuses on the 
Chinese mineral drugs which are one kind of geological materials, the use of ICP-AES 
for the analysis of these CMD is reliable. 
The approach of the sample digestion in this study is discussed below. As the 
simulation of human body digestive system is performed, a suitable standard method 
should be employed to obtain a reliable result. The sample will be dissolved by a 
dissolution test apparatus. Dissolution is a quality control parameter applied to solid 
dosage forms such as tablets, dragees, capsules and micro-encapsulations since it is the 
dissolution time which primarily govems the absorption and hence the therapeutic 
effectiveness of the drug concerned. The dissolution test is a physical test in which the 
amount of drug dissolved is measured against time and subsequently analyzed. The 
ensuing results can then be used to make statements concerning the drug's 
bioavailability. The dissolution test apparatus in this study is known as paddle method 
which is suggested by Poole [14] and was accepted as official method. This method is 
published in the United States Pharmacopoeia, British Pharmacopoeia and Chinese 
Pharmacopoeia. The usefulness of dissolution as a sensitive indicator of quality control 
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as well as its application to bioequivalency problems was generally accepted. The 
dissolution parameters such as dissolution time, dissolution temperature, dissolution 
volume and dissolution speed in our study can be referred to the laboratory manual 
written by Dr. William Hanson [15]. A similar research carried out by Chiu et. al. [16, 
17] was published in 1989 but they did not employ a standard dissolution test apparatus. 
However, the aim of their project was to determine the dissolved content of trace 
elements in cinnabar collected from different regions in China. Therefore, the 
methodology was adapted from Chiu and was improved by making use of a recognized 
dissolution test apparatus to determine the dissolved content of trace elements in 
different Chinese mineral drugs so that the results can be made more reliable. Hence, 
the monitoring of the effective mineral content and the prediction of the release of toxic 
species of the CMD can be done. Other journals published by Hashimoto et. al. [18], 
Dundar et. al. [19] and Crews and co-workers [20，21] described designs and procedures 
to simulate human body digestive system. A detailed account on the content, pH and 
enzyme in the simulated stomach and intestine fluids can be found there. 
1.3 OBJECTIVE OF THE PRESENT STUDY 
The objective of this work is to study the effective trace metal contents of 
Chinese mineral drugs (CMD) by inductively coupled plasma atomic emission 
spectrometry (ICP-AES). 
The work was divided into four parts. The first part was to determine the total 
contents of metal elements in CMD by standard pharmacopoeia methods. The second 
part was to determine the effective contents of these elements in CMD dissolved in 
conditions simulating human stomach conditions. The third part was to determine the 
effective contents of CMD dissolved in conditions simulating human intestine 
conditions. The fourth part was to determine the contents dissolved in water at 
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The methodology is briefly described as follows. First of all, the samples were 
collected from various sources. Then preliminary sample treatment was performed, hi 
doing trace analysis, the most important thing to do is to prevent the incoming of 
interfering elements such as iron, manganese and copper from the glassware, distilled 
water and the apparatus used. So all apparatus used were soaked in 10 % nitric acid 
overnight and then rinsed with ultra pure deionized water before use [1]. The samples 
were treated with four procedures. 
First, the samples were dissolved using conventional dissolution methods for 
total contents. The conditions were followed exactly as described in the Chinese 
Pharmacopoeia and other reference materials [2a-2k, 3，4, 5, 6]. The methods used were 
mainly titrimetric methods using EDTA as a titrant for fluorite，smithsonite and 
stalactite, iodine as a titrant for realgar, ammonium thiocyanide as a titrant for cinnabar, 
sodium thiosulphate as a titrant for calomelas, potassium dichromate as a titrant for 
magnetite, limonite, hematite and pyrite except for talc where gravimetric method was 
used. Then the concentration of the sample was parallelly checked with the standard 
methods by ICP-AES [7]. The reason of ehoosing ICP-AES is that several elements in a 
solution can be determined simultaneously and the detection limits can be extended to 
the ppm level as shown in Table 5 [8] and have already discussed in the introduction 
session. Actual detection limits are sample dependent and as the sample matrix varies, 
these concentrations may also vary. 
Second, the samples were dissolved using dissolution test condition simulating 
that of the human stomach. The samples were put in a dissolution test apparatus which 
simulates the digestive system of our body. The conditions of this apparatus can be 
adjusted to simulate our stomach or intestine. After digestion, the mixture was filtered. 




Table 5. Detection limits for selected elements, in ppm 
Element Primary line Secondary line Normal range 
M 0.015-750 0.040-2000 0.15-7500 
As 0.12-6000 0.33-16500 1.2-60000 
Ba 0.0007-35 0.0007-35 0.007-350 
~ Ca 0.0003-15 0.0006-30 0.003-150 
a 0.040-2000 0.100-5000 0.4-20000 
^ 0.020-1000 0.020-1000 0.2-10000 
Fe 0.015-750 0.020-1000 0.15-7500 
Hg 0.085-4250 0.10-5000 0.85-42500 
Mg 0.001-50 0.002-100 0.01-500 
Pb 0.14-7000 0.29-14500 1.4-70000 
Sl 0.005-250 0.007-350 0.05-2500 
^ 0.009-450 0.025-1250 0.09-4500 
The normal range is calculated by DL x 10 to 5 x 10^  of the detection limit. 
Thirdly, the samples were dissolved using dissolution test condition simulating 
that of the human intestine for effective contents. The most important part of our work 
is to determine the effective contents digested by both the stomach and intestine for each 
sample. The reason is that we do not know exactly what conditions are the best for the 
dissolution of the samples. -; 
Finally, the samples were dissolved using the decocting method to determine the 
concentration of elements dissolved in deionized water by heating. 
The total contents and the effective contents are examined to see if any 
correlation exists. It is clear that it is time-consuming and also unnecessary to include 
too many elements in our study. Hence, we should choose some representative elements 
in each ofthe four main groups of elements to be included. Jn our study, 12 elements 
are chosen. They are aluminum, arsenic, barium, calcium, chromium, copper, iron, lead, 




Li our work, the CMD for the study are fluorite, realgar, cinnabar, calomelas, 
smithsonite, stalactite, hematite, limonite, magnetite, pyrite and talc. So the main 
component of each CMD should be included such as calcium in both fluorite and 
stalactite, aluminum and silicon in talc, zinc in simthsonite, arsenic in realgar, mercury 
in cinnabar and calomelas, iron in hematite, magnetite, limonite and pyrite. 
First of all, many trace elements are present in the Chinese mineral drugs, as 
shown in Table 6 [9]. 
Table 6. Elements usually present in the 11 Chinese mineral drugs 
CMD Elements present 
Fluorite Pb, Zn, Cu, Cr, Sn, Ti, Mn, Be, Ca, Mg, Fe, A1 
Realgar Pb, Zn, Cu, Ni, W, As, Mg, Sn, Ti, Mn, Ba Sr, Ca, Fe, A1, 
Si 
Cinnabar Pb, Zn, Cu, Hg, As, Sb, Sn, Ga, Ti, Mn, Zr, Ca, Mg, Ag, 
Ba, Sr, Fe, A1, Si 
Calomelas Cu, B, Na, Ca, Fe, A1, Mg, Si, Ti, Hg 
Smithsonite “ Pb, Zn, Cu, Ni, Cd, Co, V，W, As，Sb, Ba, Mg, Sn, Ag, 
Ge, B, Ti, Mn, Y, La, Ca, Zr, Be, Fe, A1 
Stalactite Pb Zn, Cu, Sn, B, Ti, Mn, Ag, Sr, Ca,Mg, Fe, A1 
Magnetite Pb, Zn, Cu, V，As, Mo, Sn, In, P2O5, Ti, Mn, Be, Ca, Mg, 
Fe, A1 
Limonite Pb, Zn, Cu, Ni, Cr, V, As，Ga, Jn, P2O5, Ti, Mn, Be, Ba,~~ 
Ca’Mg，Fe，Al 
Hematite Pb, Zn, Cu, Ni, As, Mo, Sn, Ga, hi, Ge, P2O5, Ti, Mn, Ca, 
Mg，Fe, A1, Si, Be 
Pyrites Pb, Zn, Cu, Ni, Co, As，Sn, Ti, Mn, Be, Ba, Ca, Mg, F e , ~ 
A1 
Talc Cu, Mo, Ti, Mn, Ca, Mg, Fe, A1, Si 
It can clearly be seen that the elements most frequently present in CMD are lead, 
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zinc, copper, calcium, magnesium, iron, aluminum, chromium, silicon and barium. 
t i the group of essential buUc elements, calcium, magnesium and silicon are 
chosen. Other elements such as phosphorus, sulphur and chlorine are not chosen 
because they are not metal and also seldom present in Chinese mineral drugs. 
Similarily, potassium and sodium are not chosen because they are seldom present in 
mineral drugs, and their compounds are readily soluble in water and of course in the 
stomachjuice. Hence it is ofno interest for us to study the dissolution and absorption of 
these two elements. 
In the group of essential trace elements, iron, zinc, copper, barium, chromium 
and arsenic are chosen because they are frequently present in mineral drugs as described 
above. Others such as fluorine and iodine are non-metals. Also, selenium and 
molybdenum are not vital to the human body since without these two elements the 
human body can perform physiological functions normally but only suffer from ill-
health. And selenium, molybdenum and cobalt are seldom present in the Chinese 
mineral drugs. Nickel is ignored because it has not been proved to have medical 
evidence on human body. Lastly, manganese is ignored because most of the manganese 
toxicity comes from inhalation of manganese oxide dusts and fumes but not from 
ingestion [10]. 
In the group of non-essential trace elements, lead, mercury and aluminum are 
chosen because they are present in Chinese mineral drugs to be studied. Cadmium and 
antimony are not chosen because they seldom occur in mineral drugs. Undoubtedly they 
are toxic if in large amount in human body, they are not responsible for any chronic 
disease because they are not taken part in biological processes. Titanium is found in 
large amount but are inert to biological processes. Gold, uranium, radium probably do 
not cause even minor effects at low doses. Tellurium is a non-metal and it is then 
ignored. Tin is ignored because the main source of ingestion of tin is from 
contaminated canned food and hence it is not of interest in the study of dissolution of 
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3.1 SAMPLE COLLECTION 
The samples in this study are 11 different mineral drugs that are published and 
well known in the Chinese Pharmacopoeia [1]. All these samples are not easily 
dissolved in water. The samples are collected from different regions in China such as 
Hong Kong, Nanjing, Beijing, Sichuan and Menggu. The names and corresponding 
formula of main components of 11 mineral drugs are shown in Table 7. 
Table 7. Names and formula of the main components in 11 CMD 















3.2 PRELBflNARY SAMPLE TREATMENT 
Preliminary sample treatment includes sample selection, sample grinding and 
sieving to control sample quality and particle size. Since CMD may contain quite a 
number of impurities and it can be examined by its colour. As some of the Chinese 
mineral drugs are very hard and large in size, grinding to powder form is more 
convenient to use. A non-metallic sieve from Gibson is used for particle size control. It 
is made of polyethylene monofilament fabric film square. The meshes of these two 
sieves are 120 and 140. 
3.3 DISSOLUTION TEST APPARATUS 
hi. order to simulate the environment of a human body digestive system, a 
suitable apparatus should be employed. The conditions that need to be simulated 
including pH, temperature and peristalsis motion. All these can be solved by 
introducing a dissolution test apparatus. By means of this apparatus, the effective 
contents can be studied. 
Dissolution is a quality control parameter applied to solid dosage forms such as 
tablets, capsules. Since the dissolution time primarily govems the absorption and hence 
the therapeutic effectiveness of the drug tlissolved (usually expressed as percentage). It 
is measured against time and subsequently analyzed. The results can then be used to 
make statements concerning the drug bioavailability at the right time and in the correct 
quantity and at the desired site in the human body. 
The dissolution test apparatus in this work is from Hanson Research 
Corporation. The model number is SR6-PB-Basic. It consists of a plastic water bath 
(37.0�C 土 0.5�C)，six covered 1000 ml vessel made of glass, a variable speed drive (25 
-250 士 4% rpm), six paddles formed from a blade and a shaft coated with Teflon which 
is used as the stirring elements and six tubes with 10 micro sample filter connected to 
* 
the plastic syringe for withdrawing the sample solution. All adjustments of this station 
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are followed exactly the same as United States Pharmacopoeia XXH 1990 specifications 
for dissolution test [2]. 
The requirements of a dissolution test apparatus are that all parts of the apparatus 
that may come into contact with the dissolution medium and solution being examined 
should be chemically inert and will not absorb, react with or interfere them. Hence, the 
paddle and the mechanical arms are made of stainless steel coated with Teflon. Also, 
the assembly should be free of motion, agitation or vibration. 
Figure 1 is the simplified diagram for the dissolution test station. 
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All reagents used are of analytical reagent grade and used without fiuther 
purification. 
3.4.1 Multielement Standard Solution 
This standard solution is purchased from Guyline company by High-Purity 
Standards. The spectrometric standard solution was prepared from high-purity reference 
materials. Subboiled high-purity acid was used to place the materials in solution and to 
stabilized the standard. The matrix was 2 % hydrochloric acid in 18 megaohm 
deionized water. The reference materials were assayed by optical emission spectroscopy 
and atomic absorption spectrometry and were certified to contain less than 50 |ig/g total 
impurities. 
The standard concentration were certified by spectrometric analysis against an 
independent source which is traceable to National histitute of Standards and 
Technology, Standard Reference Material No.3100 Series. 
It contains 100 ^g/ml 土 0.5 % aluminum, barium, chromium iron, magnesium， 
silicon, arsenic, calcium, copper, lead, mercury and zinc in 2 % hydrochloric acid as the 
matrix. 
3.4.2 Artificial Stomach Solution [3a] 
Dilute hydrochloric acid was prepared by diluting 23.4 ml concentrated 
hydrochloric acid with 100ml deionized water. And 16.4ml dilute hydrochloric acid 
was further diluted in 800ml deionized water containing 10g pepsin. The mixture was 




3.4.3 Artificial Intestine Solution [3b] 
To 6.8 g potassium dihydrogen phosphate, 500ml deionized water was added. 
The pH value was adjusted to 6.8 with 0.4 % sodium hydroxide solution. Pancreatin, 
lOg, was weighed and dissolved in deionized water. The two solutions were mixed 
together and diluted to the mark in a 1000 ml volumetric flask with deionized water. 
3.4.4 Water (Ultra pure water) 
All water used in this work was distilled water purified by the Millipore-Q50 
ultra pure water system. The water was deionized and filtered in the system. The 
resistivity of the water was about 18 M^i/cm. 
3.5 EXPERIMENTAL CONDITIONS 
3.5.1 ICP 
The instrument for this experiment is the THERMO JARRELL ASH 
ATOMSCAN 16 which is a sequential plasma emission spectrometer. The emission 
source for the ATOMSCAN 16 spectrometer is an inductively coupled argon plasma 
(ICAP). The principle of an ICP spectrometer is as follows. The spark electrons are 
accelerated in the radio frequency electromagnetic field and collided with argon atoms 
to form more electrons and argon ions. This process continues until the discharge is 
stable and self-sustaining, the gas becomes highly ionized and forms the plasma. The 
ICAP source is powered by 2 kW crystal controlled radio frequency (RF) generator 
operating at 27.12 MHz. The output from the RF generator is coupled to a water-cooled 




3.5.2 Wavelength Calibration 
Wavelength calibration is a procedure for calibrating the monochromator with 
respect to wavelength. This procedure should be performed before the analysis in order 
to assure the correct wavelengths of the emission lines. 
3.5.3 Optimization 
Optimization is a process of trial and error to obtain the best physical parameters in 
order to insure that maximum source intensity is focused on the entrance slit with 
minimum noise. Then the signal can produce the best possible analytical data. There 
are several parameters in ICP-AES such as torch height, gas flow, RF generator power, 
peristaltic pump flow and torch position, and they should be adjusted independently. 
3,5.3,1 Peristaltic Pump Flow Optimization 
The peristaltic pump consists of a flexible tube which passes around a cylinder 
with rollers on its surface. It can deliver a constant flow of sample. The actual sample 
uptake rate depends on the pump speed and the intemaI diameter of the tube. 
Table 8 was the optimization result for the pump speed and pump types. The 
standard for optimization was magnesium 100 ppm in 2 % nitric acid and the ICP 
conditions were RF power 1350 W, gas pressure 30 psi and observation height 15mm. 
Table 8. Signal-to-noise Ratio for different pump types 
Pump Type Uptake Rate Background Signal Litensity S/N Ratio 
mVmin hitensity 
EP-19 U 650 10290 1 1 ^ 
Viton-Orange-3stop L5 ^ 10200 15.69 
Silicon-Red-3stop 2 ^55 10180 i J ^ 
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Figure 2. Optimization for Pump Rate 
The different types of pump represent different pump rates, that is the sample 
uptake rate. For example, the pump rate of EP-19 type was the slowest and the pump 
rate of Tygon-Red was the fastest among them. From the above results, one could 
easily see that both the Signal Intensity and the Signal-to-noise ratio (S/N) were nearly 
constant. Therefore, the sample uptake rate was not an important parameter. 
Finally, the uptake rate of 1.5 mL^min was used in the experiment. Viton-
Orange-3stop pump type was employedin the study. 
3.5.3.2 RF Generator Power 
RF generator power determines the degree of ionization so that the sensitivity 
and precision will be changed accordingly. The RF power for different elements are not 
the same. 
The following tables show the S/N ratio for different RF Power for 12 selected 
elements. Notice that a “ * ” symbol is marked aside the RF power meaning that this RF 
power is assigned by the ICP ATOMSCAN 16 computer software. 
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For ATOMSCAN 16, it had abeady assigned a RF power value for each 
element. Sometimes, they were different to our experimental determined maximum S/N 
ratio. Hence, we had to perform another optimization for aluminium. The purpose for 
this was to plot a calibration curve to see whether the result or the assigned value was 
the best RF power in the study. The RF power to produce more linearity over a certain 
range of concentration would be considered. 
The results were shown in Table 9，Figures 3 and 4. The standard solutions were 
aluminum 50, 100，150, 200，250 ppm in 2 % nitric acid. The ICP conditions were 
Viton-Orange-3stop pump type, sample uptake rate 1.5 ml/min, gas pressure 30 psi, 
observation height 15mm. 
As we could see, no significant difference was observed when the readings were 
taken by a RF generator power of 1150 W (chosen by the computer) or 950 W (chosen 
by maximum S/N ratio). Usually for aqueous samples, a RF power of 950 or 1150 W 
was used and for organic samples, a RF power of 1350 or 1550 W was used. Also 
considering the signal intensity produced when using RF power of 1150 W was higher 
than that of 950 W. Hence, we should follow the experimental RF generator power 




Table 9. The concentration in ppm detected by rep using different RP power for 
different concentrations of aluminum standard solutions 
RP PowerlW Oppm 50ppm 100ppm 150ppm 200ppm 250ppm 
1150 * Trial 1 0.00 47.75 97.29 145.0 194.0 245.0 
Trial 2 0.00 48.07 96.86 144.3 192.2 245.3 
Trial 3 0.00 47.69 96.66 143.1 192.2 244.5 
Trial 4 0.00 48.04 96.76 145.3 194.2 243.1 
Average 0.00 47.89 96.89 144.4 193.2 244.5 
SD 0.19 0.20 0.28 1.0 1.1 1.0 
950 Trial 1 0.00 48.79 97.47 146.2 197.1 248.8 
Trial 2 0.00 48.86 97.96 146.4 198.4 248.8 
Trial 3 0.00 48.53 97.50 146.3 198.0 250.0 
Trial 4 0.00 48.65 97.99 147.2 196.6 248.9 
Average 0.00 48.71 97.73 146.5 197.5 249.1 
SD 0.00 0.15 0.28 0.5 0.8 0.6 
" * " symbol is marked aside the RF power meaning that this RF power is assigned by 
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Figure 4. Calibration curve for aluminum using RF generator power of 950 W 
3.5.3.3 Wavelength Selection 
The wavelength for each element being examined should be chosen manually. 
The criteria for choosing a suitable wavelength are that the line should have the highest 
intensity but have the fewest neighboring peaks that may cause interferences. Table 10 
shows the wavelengths of the lines chosen for each element. 
Table 10. Wavelengths of the lines for selected elements 
Elements Wavelength / nm Elements Wavelength / nm 
Aluminum 396.1 Lr^ 259.9 
Arsenic 193.7 Lead 220.3 
Barium 455.4 Magnesium 279.5 
Calcium 393.3 Mercury 184.9 
Copper 324.7 Silicon 251.6 
Chromium 267.7 Zinc 213.8 
For both chromium and mercury, there existed multiple peaks in the window 
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DETERMINATION OF TOTAL CONTENTS IN CMD 
The followings are the first part of the experimental procedure in our work. There 
are total 11 mineral drugs being examined, namely: f l u o r i t e ( ^ ^ ^ ) , realgar(S|^) , 
cinnaba^ (朱砂)，0&100^ 138(輕粉)，3爪池30&(6(爐甘石)，31313(：1][16(鐘乳石)， 
magnetite(磁石)，1虹0&16(禹余烺)，&6工& 1^6(赭石)，？71^ 6(自然銅）and 1&1(：(滑石). 
Each mineral drug is treated separately for total contents in CMD. Total content is the 
concentration of the main component in that CMD. The results are reported as the 
percentage of the main component in that CMD. The procedures are shown in the 
following sections, namely, ICP Quantitative Analysis. 
The parallel determination methods are provided in some references [1，2]. Most 
of them are standard methods for determining trace elements of the Chinese mineral 
drugs written in the Chinese Pharmacopoeia [3a-3k]. The procedures are shown in the 
following sections, namely, Quantitative Analysis by Standard Method. 
4.1 PROCEDURE 
4.1.1 Fluorite 
Fluorite is a mineral drug containing mainly calcium fluoride, CaF2. 
4,LL1 Procedure for Quantitative Analysis by Standard Method [3a] 
The 0.05 M EDTA solution for titration of calcium fluoride was first standardized. 
0.12g zinc oxide was weighed accurately. Then it was put in an oven at 800°C for half 
an hour. After placing it in a 250 ml conical flask, 3ml hydrochloric acid, 25 ml 
deionized water and 1 drop 0.025% methyl red in ethanol were added. Then 10 % 
ammonia solution was added until the mixture turned slightly yellow. Further 25 ml 
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deionized water, 10 ml ammonia-ammonium chloride buffer, pH 10.0, and a few drops 
of Eriochrome black T indicator were added. It was then titrated with Na-EDTA until 
the solution turned from purple to blue. 
The fluorite sample was then quantitatively analyzed. A 0.1 g sample was weighed 
accurately and placed in a 500ml conical flask, then 2 ml hydrochloric acid and 5 ml 4 
% boric acid were added. The mixture was heated to dissolve. After that, 300 ml 
deionized water, 10 ml 10 % triethanolamine and 1 drop of methyl red indicator were 
added. The 10 % potassium hydroxide solution was added to the mixture until it turned 
yellow. Then a further 15 ml 10 % potassium hydroxide and 30 mg calcein were added. 
The mixture was titrated with Na-EDTA until the fluorescent yellowish green 
disappeared and became orange in colour. 
4.LL2 Procedure for ICP Quantitative Analysis 
A 0.1 g sample was weighed accurately and placed in a 500ml conical flask, 2 
ml hydrochloric acid, 5 ml 4 % boric acid were added. The mixture was heated to 
dissolve. After that, 300ml deionized water was added and filtered. The filtrate was 
collected in a 500ml volumetric flask. It was diluted to the mark with 2 % hydrochloric 
acid. Then 10.00 ml solution was pipetted and dilute to 250ml in a volumetric flask 
with 2 % HC1. The final solution was transferred to a 100ml plastic container and 
analyzed by ICP immediately. ； 
4.1.2 Realgar 
Realgar is a mineral drug containing mainly arsenic sulphide, As2S2. 
4,1,2,1 Procedure for Quantitative Analysis by Standard Method [3b] 
The 0.1 M iodine solution used for titration of arsenic sulfide was first 
standardized. About 0.15g arsenic oxide was weighed accurately and placed in an oven 
at 105°C for 4 hours. Then 10 ml 1 M sodium hydroxide was added. The mixture was 
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heated to dissolve. After heating, 20 ml deionized water and 1 drop methyl orange 
indicator were added. The 0.5 M sulfuric acid was added to change the color from 
yellow to pink. Finally, 2 g sodium hydrogen carbonate, 50 ml deionized water and 2 
ml starch indicator were added and titrated with 0.1 M iodine solution until pale purple 
blue. 
The realgar sample was then quantitatively analyzed. About 0.1 g sample was 
weighed accurately and placed in a 250ml conical flask, 1 g potassium sulfate, 2 g 
ammonium sulfate and 8 ml concentrated sulfuric acid were added. The mixture was 
then heated strongly for about 30 minute until clear. After cooling, 50ml deionized 
water was added and heated slowly for 3 to 5 minutes. After cooling, 2 drops 
phenolphthalein indicator were added. The mixture was first neutralized with 8M 
sodium hydroxide then with 0.5 M sodium hydroxide until it tumed slightly red. After 
cooling, it was neutralized with 0.25M sulphuric acid. Finally, 5g sodium hydrogen 
carbonate was added and well shaken then titrated with 0.1 M iodine solution. Near the 
end point, 2 ml starch solution was added and continued the titration until the solution 
became purple blue. 
4.1.2.2 Procedure for ICP Quantitative Analysis 
A 0.1 g sample was weighed accurately and placed in a 250ml conical flask, 1 g 
potassium sulfate, 2 g ammonium sulfate and 8 ml concentrated sulfiuic acid were 
added. The mixture was then heated strongly for about 30 minute until clear. After 
cooling, 50ml deionized water were added and heated slowly for 3 to 5 minutes. After 
cooling, the solution was filtered and the filtrate was collected in a 500ml volumetric 
flask. The solution was diluted to the mark with 2 % hydrochloric acid. Then 75.00 ml 
solution was pipetted and diluted to 250 ml in a volumetric flask with 2 % HC1. The 





Cinnabar is a mineral drug containing mainly mercury (U) sulphide, HgS. 
4,L3.1Procedure for Quantitative Analysis by Standard Method [3c] 
The 0.1 M ammonium thiocyanide solution used for titration of mercury (H) 
sulfide was first standardized. A volume of 25.00 ml O.lM silver nitrate was pipetted 
and placed in a 250ml conical flask, then 50 ml deionized water, 2 ml concentrated 
nitric acid and 2ml ammonium (HI) sulfate indicator were added. The mixture was 
titrated with O.lM ammonium thiocyanide to a pale reddish brown color and would not 
disappear after vigorous shaking. 
The cinnabar sample was then quantitatively analyzed. About 0.3g sample was 
weighed accurately and placed in a 250ml conical flask. Then 10 ml concentrated 
sulfimc acid and 1.5g potassium nitrate were added. The mixture was heated to dissolve 
at low temperature and covered with a watch glass. After cooling, 50 ml deionized 
water, and 1 % potassium permanganate solution were added until the solution turned 
pink. After that, 2 % iron (II) sulphate was added until the red color disappeared. Then 
2 ml ammonia iron (III) sulphate indicator was added and the mixture was then titrated 
with 0.1 M ammonium thiocyanide until it turned pale reddish brown color. 
4.1.3.1 Procedure for ICP Quantitative Analysis 
A 0.3g sample was weighed accurately and placed in a 250ml conical flask, 10 
ml concentrated sulfluic acid and 1.5g potassium nitrate were added. The mixture was 
heated to dissolve at low temperature and covered with a watch glass. After cooling, 
50ml deionized water was added. The solution was filtered and the filtrate was 
collected in a 500ml volumetric flask, then diluted to the mark with 2 % hydrochloric 
acid. A quantity of 10.00 ml solution was pipetted and diluted to 100 ml in a volumetric 
flask with 2 % HC1. The final solution was transferred to a 100ml plastic container and 
analyzed by ICP immediately. . 
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4.1.4 Calomelas 
Calomelas is a mineral drug containing mainly mercury® chloride, Hg2Cl2. 
4.L4J Procedure for Quantitative Analysis by Standard Method [3d] 
The 0.1 M sodium thiosulphate 5-hydrated solution for titration of mercury (I) 
chloride was first standardized. About 0.15 g potassium dichromate was dried in an 
oven at 120 °C. Then it was weighed accurately and placed in an iodine flask, and 50 
ml deionized water was added, then 2g potassium iodide was added and shaken gently 
to dissolve. Then added 40 ml of 10 % sulflmc acid and well shaken. The flask was 
stoppered and put in a dark environment for 10 minutes. Then 250 ml deionized water 
was added and the mixture was titrated with 0.1 N sodium thiosulphate. Near the end 
point, 3 ml of starch indicator were added and continued the titration until the blue color 
disappeared and bright green color appeared. 
The calomelas sample was then quantitatively analyzed. A 5g sample was 
weighed accurately and placed in a 250 ml iodine flask, 10 ml deionized water was 
added and well shaken, and 50.00 ml 0.1 M iodine solution were added. The flask was 
stoppered and shaken vigorously until most of the sample dissolved. Then 8 ml 5:10 
potassium iodide solution were added and the flask was stoppered and shaken 
vigorously until all sample dissolved. The mixture was titrated with 0.1 M sodium 
thiosulphate. Near the end point, 3 ml of starch solution were added and titrated until 
the disappearance of the blue color. 
4.1,4.2,1 Procedure for ICP Quantitative Analysis 
A 5g sample was weighed accurately and placed in a 250 ml iodine flask. 10 ml 
deionized water was added and well shaken, and 50.00 ml 0.1 M iodine solution was 
added. The flask was stoppered and shaken vigorously until most of the sample 
dissolved. Added 8 ml 5:10 potassium iodide solution and the flask was stoppered and 
shaken vigorously until all sample dissolved. The solution was filtered and the filtrate 
was collected in a 500 ml volumetric flask. The solution was diluted to the mark with 2 
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% hydrochloric acid. A volume of 5.00 ml solution was pipetted and diluted to 100 ml 
in a volumetric flask with 2 % HC1. The final solution was transferred to a 100 ml 
plastic container and analyzed by ICP immediately. 
4.1.5 Smithsonite 
Smithsonite is a mineral drug containing mainly zinc carbonate, ZnCO3. 
4. L 5.1 Procedure for Quantitative Analysis by Standard Method [3 e] 
The 0.05 M EDTA solution for titration of the zinc oxide was first standardized. 
The standardization procedure was exactly the same as in part 4.1.1.1 • 
The smithsonite sample was then quantitatively analyzed. A 0.1 g sample was 
weighed and heated in an oven at 105®C for 1 hour. The sample was then weighed 
accurately and placed in a 250 ml conical flask, 10 ml of 10 % hydrochloric acid was 
added and well shaken to dissolve. Then 10 ml concentrated ammonia and 10 ml 
ammonia - ammonium chloride buffer was added and well shaken, and 10 ml disodium 
hydrogen phosphate was added and well shaken and filtered. The conical flask and the 
residue were washed 3 times with 10 ml 1:4 ammonia - ammonium chloride buffer and 
deionized water mixture. The washing solution and the filtrate were combined in a 250 
ml conical flask. Added 15 ml 30 % triethanolamine and a few drops of Eriochrome 
black T indicator and titrated with Na-EDTA until the colour of the solution turned from 
purple to blue. 
4.L5.2 Procedure for ICP Quantitative Analysis 
A 0.1 g sample was heated in an oven at 105°C for 1 hour. The sample was then 
weighed accurately and placed in a 250 ml conical flask, 10 ml 10 % hydrochloric acid 
was added and well shaken to dissolve. Then 75 ml deionized water was added and the 
solution was filtered and the filtrate was collected in a 250 ml volumetric flask. The 
solution was diluted to the mark with 2 % hydrochloric acid. A volume of 25.00 ml 
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solution was pipetted and diluted to 100 ml in a volumetric flask with 2 % HC1. The 
final solution was transferred to a 100 ml plastic container and analyzed by ICP 
immediately. 
4.1.6 Stalactite 
Stalactite is a mineral drug containing mainly mixture of calcium carbonate, 
CaCO3. 
4.1.6.1 Procedure for Quantitative Analysis by Standard Method [3 f] 
The 0.05 M EDTA solution used for titration of calcium carbonate was first 
standardized. The standardization procedure was exactly the same as in part 4.1.1.1. 
The stalactite sample was then quantitatively analyzed. A 0.12g sample was 
weighed accurately and placed in a 250 ml conical flask. Then 5 ml 10 % hydrochloric 
acid was added and heated to dissolve, and 150 ml deionized water and 1 drop methyl 
red indicator were added. Added 10 % potassium hydroxide solution to the mixture 
until it turned yellow. Further, 10 ml 10 % potassium hydroxide and 30 mg calcein 
indicator were added. The mixture was titrated with Na-EDTA until the fluorescent 
yellowish green disappeared and turned into orange. 
4.1.6.2 Procedure for ICP Quantitative Analysis 
A 0.12g sample was weighed accurately and placed in a 250 ml conical flask. 5 
ml of 10 % hydrochloric acid was added and heated to dissolve. Then 150 ml deionized 
water, 1 drop methyl red indicator and 10 % potassium hydroxide solution were added 
to the mixture until it turned yellow. The solution was filtered and the filtrate was 
collected in a 250 ml volumetric flask. The solution was diluted to the mark with 2 % 
hydrochloric acid. A volume of 10.00 ml solution was pipetted and diluted to 250 ml in 
a volumetric fIask. with 2 % HC1. The final solution was transferred to a 100 ml plastic 
container and analyzed by ICP immediately. 
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4.1.7 Magnetite 
Magnetite is a mineral drug containing mainly iron oxide, Fe3O4. 
4.L 7,1 Procedure for Quantitative Analysis by Standard Method [3g] 
The 0.0167 M potassium dichromate for titration of iron was a primary standard 
solution and hence standardization was not needed. 
The magnetite sample was quantitatively analyzed. A 0.25g sample was 
weighed accurately and placed in a 250 ml conical flask, 15 ml concentrated 
hydrochloric acid and 3 ml 25 % potassium fluoride were added. The mixture was 
covered by watch glass and heated to boil slightly. Then 6 % stannous chloride was 
added dropwise and well shaken until only a white residue remained. The watch glass 
and the wall of the conical flask were washed with small amount of deionized water. 
Few drops of 6 % stannous chloride were added until the color changed to pale yellow. 
Then added 100 ml deionized water, 15 drops sodium tungstate and few drops 1:20 
titanium trichloride until the color changed to blue. The 0.0167 M potassium 
dichromate was added dropwise until the disappearance of the blue color. Added 10 ml 
2:3:5 sulfuric acid, phosphoric acid and deionized water mixture, 5 drops sodium 
diphenylamine sulphonate. The mixture was titrated with the 0.01667 M potassium 
dichromate to a steady purple blue colour. 
4.1,7.2 Procedure for ICP Quantitative Analysis 
A 0.25g sample was weighed accurately and placed in a 250 ml conical flask, 
added 15 ml concentrated hydrochloric acid and 3 ml 25 % potassium fluoride. The 
mixture was covered by a watch glass and heated to boil slightly. Then 6 % stannous 
chloride was added dropwise and well shaken until only a white residue remained. The 
watch glass and the wall of conical flask were washed with little deionized water. Few 
drops of 6 % stannous chloride were added until the color changed to pale yellow. 
Added 100 ml deionized water and the solution was filtered and the filtrate was 
collected in a 250 ml volumetric flask. The solution was diluted to the mark with 2 % 
hydrochloric acid. A volume of 10.00 ml solution was pipetted and diluted to 100 ml in 
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a volumetric flask with 2 % HC1. The final solution was transferred to a 100 ml plastic 
container and analyzed by ICP immediately. 
4.1.8 Limonite 
Limonite is a mineral drug containing mainly hydrated iron (IH) oxide, Fe2O3. x 
H2O. 
All standardization and analysis procedure were exactly the same as that for 
magnetite, [3h] 
4.1.9 Hematite 
Hematite is a mineral drug containing mainly iron (III) oxide, Fe2O3. 
All standardization and analysis procedure were exactly the same as that for 
magnetite, [3i: 
4.1.10 Pyrite 
Pyrite is a mineral drug containing mainly iron disulfide, FeS2. 
4.1J0.1 Procedure for Quantitative Analysis by Standard Method [3j] 
The 0.0167 M potassium dichromate for titration of iron was a primary standard 
solution and hence standardization was not needed. 
The pyrite sample was quantitatively analyzed. A 0.35g sample was weighed 
accurately in a crucible and placed in an oven at 650°C for 30 minutes. After cooling, 
the sample was placed in a 250 ml conical flask and the crucible was rinsed with 15 ml 
concentrated hydrochloric acid. Added 3 ml 25 % potassium fluoride. The flask was 
covered by a watch glass and heated to boil gently. Then 6 % stannous chloride was 
added dropwise and well shaken until only the white residue remained. The watch glass 
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and the wall of conical flask were washed with small amount of deionized water. Few 
drops of 6 % stannous chloride were added until the color changed to pale yellow. 
Added 100 ml deionized water, 15 drops sodium tungstate and few drops 1:20 titanium 
trichloride until color changed to blue. The 0.0167 M potassium dichromate was added 
dropwise until the disappearance of the blue color. Then added 10 ml 2:3:5 sulfuric 
acid, phosphoric acid and deionized water mixture, 5 drops sodium diphenylamine 
sulphonate. The mixture was titrated with the 0.01667 M potassium dichromate to a 
steady purple blue colour. 
4,1.10.2 Procedure for ICP Quantitative Analysis 
A 0.35g sample was weighed accurately in a crucible and placed in an oven at 
650°C for 30 minutes. After cooling, the sample was placed in a 250 ml conical flask 
and the crucible was rinsed with 15 ml concentrated hydrochloric acid. Added 3 ml 25 
% potassium fluoride. The flask was covered by a watch glass and heated to boil gently. 
Then 6 % stannous chloride was added dropwise and well shaken until only the white 
residue remained. The watch glass and the wall of conical flask were washed with small 
amount of deionized water. Few drops of 6 % stannous chloride were added until the 
color changed to pale yellow. Added 100 ml deionized water was added and the 
solution was filtered and the filtrate was collected in a 250 ml volumetric flask. The 
solution was diluted to the mark with 2 % hydrochloric acid. A volume of 10.00 ml 
solution was pipetted and diluted to 100 ml in a volumetric flask with 2 % HC1. The 






Talc is a mineral drug containing mainly hydrated magnesium silicate, 
Mg3[Si4O10](OH)2. 
4,L1L1 Procedure for Quantitative Analysis by Standard Method [3k] 
A 0.5 g sample was weighed accurately and placed in a platinum crucible. 
Added 3g anhydrous sodium carbonate and mixed well. Covered the mixture with lg 
anhydrous sodium carbonate. The crucible was heated in an oven at 1000°C for 1 hour. 
After cooling, the crucible was placed in a 250 ml beaker. Added 40 ml 1:2 
hydrochloric acid and heated to complete dissolution. The solution was evaporated in a 
water bath and then cooled. The wet salt formed was squeezed by a stirring rod and 
heated to boil slightly for 1 minute. The beaker was placed in the 70°C water bath. 
Added 10 ml fresh 1 % gelatin. The mixture was stirred well for 1 minute and kept 
warm for 10 minutes in the water bath. Added 20 ml hot deionized water and mixed 
well until the salt dissolved. The solution was filtered and the filtrate was collected in a 
250 ml conical flask. Washed with 2 % hydrochloric acid for a few times and a 
quantitative ashless filter paper was used to wrap the wall of the beaker. The residue 
was washed with hot deionized water for 8 to 10 times. The residue and the filter paper 
were put in a platinum crucible. It was first heated at low temperature and then to 






The samples in our work were labeled clearly for easy handling and processing. 
Table 11 and 12 show the names and labels and coding system of all samples. 
Table 11. Names and labels of CMD samples 
Name Code Name Code Name Code 
Fluorite M0324 Smithsonite M1801 Hematite M0813 
M03new M1802 M 0 8 1 4 ~ 
Realgar M0101 M1803 M0815~~ 
M0103 Stalactite M0201 M0816 
M0104 M0203 M 0 8 1 7 ~ 
M0106 M0217 M 0 8 1 8 “ 
M0109 M0225 M0820~" 
MOlnew M02new~ M0821 
Cinnabar~""M1102 Magnetite M0701 M0823 
M1103a M0703 M0825~~ 
M1103b M0713 
M1103c M0714 Pyrite M1301 ~ ~ 
M H ^ “ M0717 M 1 3 1 3 “ 
M1107 M0725 M13new 
M07new Talc M1702~~ 
Calomelas M0901 Limonite M0613 M1703 
M0903 M0617 M 1 7 0 9 ~ 




Table 12. Coding System 
First 2 Digits Meaning Last 2 Digits Meaning 
M03 Fluorite ^ 南京中國藥科大學 
^ 1 Realgar 02 四川華西醫科大學 
MH Cinnabar 03 香港協興隆藥行 
M ^ Calomelas 04 香港北角藥行 
Ml8 Smithsonite Od 香港回春堂藥行 
M02 Stalactite 07 香港聯昌藥行 
M07 Magnetite ^ 香港華安蔘藥行 
^ Hematite U 內蒙古自治區中蒙醫硏究所 
^ Limonite H 內蒙古醫學院附屬醫院 
1 ^ Pyrite l5 內蒙古呼和浩特市中西大藥店 




‘ ^ 北京同仁堂藥店 
2\ 北京萬全堂藥店 
^ 香港國華藥行 
~ 飞 香港東方紅454 
24 南京市益壽堂 
^ 香港東方紅402 
；^；^  香港新長城藥行 
4.2.1 Fluorite 
Results By Standard Methods 
Calculation of concentration of the 0.05 M Na-EDTA solution 
= M a s s ofZnO x 1000 
‘ MW ZnO X Volume added 
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Calcxdation of percentage of CaF2 in fluorite samples 
= C o n c rEDTA^ x Volume rEDTA^ x MW CaF2 x 100% 
Mass of sample 
Results By ICP Quantitative Analysis 
Calculation of percentage of CaF2 in fluorite samples 
= I C P reading x Dilution factor x Volume x MW CaF: x 100% 
Mass ofsample x 1000 MW Ca 
Table 13. Results of analysis of total content in fluorite samples 
Percentage 0fCaF2 (%) 土 SD (RSD) 
Sample Code Standard Method ICP QA Method 
M0324 99.76 土 0.06 1 0 3 . 4 d b l . 2 ~ 
(0.063) (1.2) 
M03new Not performed 101.0 土 0.7 
(0.69) 
Number of replicates = 3 
4.2.2 Realgar 
Results By Standard Methods 
Calculation of concentration of 0.1 M iodine solution 
= M a s s ofAs2O2 X 1000 X 4 
MW As2O3 X Volume added 
Calculation of percentage of As2S 2 in realgar samples 
= C o n c rL^ X Volume rio) x MW As^S: x 100% 
Mass of sample x 4 
Results By ICP Quantitative Analysis 
Calculation of percentage of As2S2 in realgar samples 
= I C P reading x Dilution factor x Volume x MW As2S2 x 100% 
Mass ofsample x 1000 MWAs2 
« 
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Table 14. Results of analysis of total content in realgar samples 
Percentage ofAs2S2 (%) 土 SD (RSD) 
Sample Code Standard Method ICP QA Method 
M0101 94.19±0.11 9 7 . 1 3 ± 0 . 2 4 ~ 
(0.12) (0.25) 
M0103 Not performed 101.1 士 1.0 
(0.98) 
M0104 Not performed 98.41土0.15 
(Q-15) 
MO 106 Not performed 100.2 土 1.6 
(1.6) 
M0109 95.73±0.05 99.65土0.90 
(0.052) (0.91) 
Number of replicates = 3 
4.2.3 Cinnabar 
Results By Standard Methods 
Calculation of concentration of the 0.1 M ammonium thiocyanide solution 
= V o l u m e added AgNO^ x Conc AgNQ^ 
V0lumeaddedNH4SCN 
Calculation of percentage ofHgS in cinnabar samples 
= C o n c rNrnSCW X Volume rNmSCN^ x MW HgS x 100% 
Mass of sample x 2 
Results By ICP Quantitative Analysis 
Calculation of percentage ofHgS in cinnabar samples 
=ICP reading x Dilution factor x Volume x MW HgS x 100% 
Mass ofsample x 1000 MW Hg 
^ 
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Table 15. Results of analysis of total content in cinnabar samples 
Percentage ofHgS (%) 土 SD (RSD) 
Sample Code Standard Method ICP QA Method 
M1102 93.16i0 .04 9 5 . 5 3 ± 2 . 1 6 ~ 
(0.05) (2.3) 
~ M 1 1 0 3 A ~ Not performed 104.8 土 5.1 
(4.8) 
M1103B Not performed 109.5士1.2 
(1.1) 
M1103C 94.64土0.05 101.9±1.6 
(Q.05) (1.6) 
M1106 Not performed 110.2 士 2.3 
(2.1) 
M1107 Not performed 109.0 士 3.3 
(3.1) 
Number of replicates = 3 
4.2.4 Calomelas 
Results of Standard Methods 
Calculation of concentration of the 0.1 M sodium thiosulphate 5-hydrated 
= Mass ofNa2S2Q2 X 6 
Volume added Na2S2O3 x MW K2Cr2O7 
Calculation of percentage ofHg2Cl2 in calomelas samples 
=[Conc ri2) Volume af) - Conc rNa2S2O1) Volume rNa2S2O1^ ] MW Hg^CL 
Mass of sample x 2 / 100 % 
Results of ICP Quantitative Analysis 
Calculation of percentage ofHg2Cl2 in calomelas samples 
=ICP reading x Dilution factor x Volume x MW Hg2Ch x 100% 




Table 16. Results of analysis of total content in calomelas samples 
Percentage ofHg2Cl2 (%) 土 SD (RSD) 
Sample Code Standard Method ICP QA Method 
M0901 99.36土 1.03 130.3 ± 1 2 . 4 ~ 
tLO) (9.5) 
M0903 101.3±0.4 151.3士2.9 
(0.41) 0.9) 
M0903A 100.6±0.1 149.6±5.6 
(0.10) (3.8) 
Number of replicates = 3 
4.2.5 Smithsonite 
Results By Standard Methods 
Calculation of percentage of ZnO in smithsonite samples 
= C o n c rEDTA^ x Volume rEDTA) x MW ZnO x 100% 
Mass of sample 
Results By ICP Quantitative Analysis 
Calculation of percentage of ZnO in smithsonite samples 
= I C P reading x Dilution factor x Volume x MW ZnO x 100% 
Mass of sample x 1000 MW Zn 
Table 17. Results of analysis of total content in smithsonite samples 
Percentage ofZnO (%) 土 SD (RSD) 
Sample Code Standard Method ICP QA Method 
M1801 35.07±0.80 3 3 . 4 8 i 0 . 3 6 ~ 
(2.3) (1.1) 
M1802 66.60±0.38 67.65土0.79 
(0.56) (1.2) 
M1803 Not performed 62.45土0.18 
_ _ _ _ J (0.28) 





Results By Standard Methods 
Calculation of percentage of CaCO3 in stalactite samples 
= C o n c CEDTA) x Volume f E D T A � x MW CaCO^ x 100% 
Mass of sample 
Results By ICP Quantitative Analysis 
Calculation of percentage of CaCO3 in stalactite samples 
= I C P reading x Dilution factor x Volume x MW CaCOi x 100% 
Mass ofsample x 1000 MW Ca 
Table 18. Results of analysis of total content in stalactite samples 
Percentage ofCaCO3 (%) 土 SD (RSD) 
Sample Code Standard Method ICP QA Method 
M0201 99.80 土 0.00 1 0 0 . 2 i l . l 
(0.0b) (1.1) 
M0203 Not performed 102.2 士 0.4 
(0.40) 
M0217 9 8 . 4 9 ± 0 . 1 9 ~ 100.5土1.3 
(oi^ (1.3) 
M0225 Not performed 98.33±0.10 
(0.10) 
Number of replicates = 3 
4.2.7 Magnetite 
Results By Standard Methods 
Calculation of percentage ofFe in magnetite samples 
= 6 X Conc rK2Cr2O7^ X Volume rK2Cr2O7) x MW Fe x 100% 
Mass of sample 
Results By ICP Quantitative Analysis 
Calculation of percentage ofFe in magnetite samples 
= I C P reading x Dilution factor x Volume x 100% 
Mass of sample x 1000 
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Table 19. ResuUs of analysis of total content in magnetite samples 
“Percentage o fFe (%) 土 SD OR.SD)~ 
Sample Code Standard Method ICP QA Method 
M0701 50.39±0.16 57.75 士 0 .80~" 
(032) (1.4) 
M0703 Not performed 58.38士1.06 
{L^ 
M0713 Not performed 54.15 ± 0.50 
(0.92) 
M0714 Not performed 52.64土0.12 
(0.22) 
M0717 5 9 . 8 6 i 0 . 3 5 “ 59.24 士 0.45 
.  (0.58) (0.75) 
M0725 Not performed 59.01 士 0.22 
(0.37) 
Number of replicates = 3 
4.2.8 Limonite 
Results By Standard Methods 
Calculation of percentage of Fe in limonite samples 
= 6 X Conc rK2Cr2O1^ X Volume (KoCToO.) x MW Fe x 100% 
Mass of sample 
Results By ICP Quantitative Analysis 
Calcidation of percentage ofFe in limonite samples 
= I C P reading x Dilution factor x Volume x 100% 
Mass of sample x 1000 
Table 20. Resuks of analysis of total content in limonite samples 
Percentage ofFe (%) 土 SD (RSD) 
Sample Code Standard Method ICP QA Method 
M0613 6.34 土 0.07 5.24i0.01 ~ 
^ (0.20) 
M0617 Notperformed 3.79 土 0.06 
(L7) 
M0620 Not performed 3.46 士 0.03 ^ 
(0.84) ^ 
Number of replicates = 3 
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4.2.9 Hematite 
Results By Standard Methods 
Calculation of percentage of CaCO3 in stalactite samples 
= 6 X Conc rK.Cr.Qi^ x Volume rK.Cr.Oi) x MW Fe x 100% 
Mass of sample 
Results By ICP Quantitative Analysis 
Calculation of percentage ofFe in hematite samples 
= I C P reading x Dilution factor x Volume x 100% 
Mass of sample x 1000 
Table 21. Results of analysis of total content in hematite samples 
Percentage ofFe (%) 土 SD (RSD) 
Sample Code"~Standard Method ICP QA Method 
M0813 54.12±0.06 59.00±1.71 ~ ~ 
(0.�2) (2.9) 
M0814 Not performed 59.28 土 0.11 
(0.18) 
M0815 Not performed 58.07 士 0.68 
(1.2) 
M0816 Not performed 56.19土0.85 
0：^ 
M0817 Not performed 57.08 ± 0.52 
(0.90) 
M0818 5 5 . 7 6 ± 0 . 1 4 ~ 57.05 士 0.09 
(025) (0.15) 
M0820 Not performed 58.05 土 1.13 
(1.9) 
M0821 Not performed 57.48 土 1.27 
(2.2) 
M0823 Not performed 60.65 士 1.15 
(1-9) 
M0825 Not performed 62.46 士 1.02 
_ J (1.6) 
Number of replicates = 3 
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4.2.10 Pyrite 
Results By Standard Methods 
Calculation of percentage o f F e in pyrite samples 
= 6 X Conc rK2Cr2O7^ X Volume rK2Cr2O7) x MW Fe x 100% 
Mass of sample 
Results By ICP Quantitative Analysis 
Calculation of percentage ofFe in pyrite samples 
= I C P reading x Dilution factor x Volume x 100% 
Mass of sample x 1000 
Table 22. Results of analysis of total content in pyrite samples 
Percentage ofFe (%) 
Sample Code Standard Method ICP QA Method 
M1301 44.21 44.39 
M1313 40.52 4 ^ 
* Due to the limited source of sample, onj[y one trial was performed for 
each sample. 
4.2.11 Talc 
Results By Standard Methods 
Calculation of percentage of SiO2 in talc samples 
P Si02 = Mass of original sample - Mass of residue x MW SiO2 xlOO% 
Mass of original sample MW Si 
Results By ICP Quantitative Analysis 
Calculation of percentage of SiO2 in talc samples 
P Si02 = ICP reading x Dilution factor x Volume x MW SiO2 x 100% 
Mass ofsample x 1000 . MW Si 
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Table 23. Results of analysis of total content in talc samples 
Percentage ofSiO2 (%) 
Sample Code Standard Method ICP QA Method 
M1702 42.38 41.62 
M1703 Not performed 36.49 
M1709 Notperformed 31.22 
M17new Not performed 58.76 
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DETERMINATION OF THE EFFECTIVE CONTENTS 
5.1 GENERAL PROCEDURE 
For ICP analysis of the effective contents dissolved in the stomach solution, an 
appropriate amount of each CMD sample was weighed and 900 ml stomach solution 
were put into the dissolution flask and kept at 37.0°C and stirred at 100.0 rpm for 4 
hours. Then 30 ml of the mixture was drawn out with a plastic syringe through a 10-
micron filter. The concentration was analyzed by ICP immediately. Stomach solution 
was used as the blank. 
For ICP analysis of the effective contents dissolved in the intestine solution, an 
appropriate amount of each CMD sample was weighed and 900 ml intestine solution 
were put into the dissolution flask and kept at 37.0°C and stirred at 100.0 rpm for 4 
hours. Then 30 ml of the mixture was drawn out with a plastic syringe through a 10-
micron filter. The concentration was analyzed by ICP immediately. Lntestine solution 
was used as the blank. 
For determination of effective contents soluble in the decocting CMD in water, 
a 2 g sample was put into a 250 ml conical fIask, and 100 ml deionized water was 
added. The mixture was heated at 100°C for 1 1/2 hours. Then the mixture was 
filtered. The concentration was measured by ICP immediately. Deionized water was 
used as the blank. 
Table 24 shows the appropriate amount of samples in the dissolution. The 
mass of samples for each CMD was the same for both the stomach solution and the 
intestine solution. 
The number of replicate for dissolving CMD in the stomach and the intestine 
备 
solution was three times and the number of replicate for decocting in water was one in 
all the following results. 
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Table 24. The mass of samples used in the dissolution 
Name of CMD Mass / g Name of CMD Mass / g 
Fluorite oTo Magnetite 025 
Realgar 0.10 Limonite 0.25 
Cinnabar 0.30 Hematite 0.25 
~Ca lomelas 030 Pyrite ^ 
Smithsonite o7Io Tdc o3o 
S ta lac t i t e~ 0.12 
5.2 RESULTS 
5.2.1 Fluorite 
Table 25. Results of analysis of the effective content in fluorite samples 
Percentage of main component dissolved by 士 SD (RSD) 
M0324 Stomach solution Lntestine solution 
Average 0.73 士 0.09 (12) 1.8士0.1 (7.8) 
P CaF2 (%) ] 
Elements Effective content of each element in ppm 土 SD 
^ Not detected 0.02 ± 0.00 
Mg Not detected Not detected 
Fe ‘ 0.01 ± 0.02 Not detected 
Ba 0.01 土 0.00 0.01 ±0.00 
^ 0.44 ± 0.04 1.05±0.07 
^ 0.029 ± 0.002 0.014±0.006 
^ 0.043 士 0.002 0.42 ± 0.02 
Q Not detected 0.038 土 0.002 
Pb Not detected 0.105±0.003 
Hg 0 . 2 i 0 . 1 0.07 士 0.02 
X T " 0.09 士 0.04 • 0 .12i0.01 
Sl 0 .11i0 .04 Not detected 
<* 
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Percentage of main component dissolved by 
M03new Stomach solution hitestine solution Decocting in water 
~Average 84.4±1.0 7 .8±0.6 0.1179 
PCaF2(%) (1.2) (7.9) 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected Not detected Not detected 
Mg “ 0 . 0 4 3 土 0.003 Not detected 0.174±0.001 ~ 
Fe 0.048 ± 0 . 0 0 5 “ Not detected Not detected 
i ^ 0.01±0.00 0.005 ± 0.002 0.009±0.001 ~ 
^ 48.92±0.17 4.35±0.59 12.13±0.11 ~ 
I n 0.030土0.001 0.01土0.01 Not detected 
As 0.02±0.01 0.50 土 0.06 Not detected~~" 
Q Not detected 0.02 土 0.02 Not detected 
Pb Not detected 0.022 ± 0.002 Not detected 
Hg 0.115±0.002 Not detected 0.049 ± 0 . 0 0 3 ~ 
Xi 0.42±0.02 0.0859±0.031 0.81±0.01 
Sl 2.31±0.01 Not detected 1 3 . 6 1 ± 0 . 0 0 ~ 
5.2.2 Realgar 
Table 26. Results of analysis of effective content in realgar samples 
Percentage of main component dissolved by 
M01Q1 Stomach solution hitestine solution 
Average 0.57±0.07(12) L44±0.10(6.8) 
P As2S2 (%) 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected Not detected 
Mg 0.28 ± 0.05 0.04 土 0.09 
Fe 0.003±0.007 0.04 ± 0.05 
Ba 0.003 土 0.004 0.04 土 0.03 
^ 0.22 土 0.08 0.4 ± 0.3 
In 0.036 ± 0.009 0.2 ± 0.3 
As 0.46 土 0.05 1.13土0.08 
Cr Not detected Not detected 
?b Not detected 0.1±0.1 
Hg 0.01±0.02 Not detected 
A1 Not detected 0.05 ± 0.07 
Si 0.1±0.1 Not detected 
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Percentage of main component dissolved by 
M0103 Stomach solution Latestine solution 
Average 0.38 ± 0.03 (8.2) 1.6±0.1 (7.6) 
P As2S2 (0/0) ^ 
Elements Effective content of each element in ppm 土 SD 
^ Not detected 0.001 +0.003 
Mg Not detected Not detected 
Fe 0.010±0.004 Not detected 
Ba 0.003±0.001 0.01±0.01 
Ca Not detected 0.4±0.1 
Za 0.041±0.010 0.05 ± 0.05 
As 0.31土0.03 1.3±0.1 
Cr Not detected Not detected 
?b Not detected 0.003 ± 0.005 
Hg 0.02 ± 0.02 Not detected 
A1 Not detected Not detected 
Si 0.13±0.09 Not detected 
Percentage of main component dissolved by 
M0104 Stomach solution Mestine solution 
“Average 0.36±0.05(15) 1.8±0.1 (7.0) 
P As2S2 (%) ^ 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected 0.02 土 0.03 
Mg Not detected Not detected 
Fe 0.03 土 0.03 Not detected 
Ba 0.001±0.001 0.007 ± 0.006 
^ 0.07 ± 0.05 0.90±0.41 
^ 0.03 ± 0.02 0.01 ±0.01 
As 0.30±0.03 1.4±0.1 
Cr Not detected 0.04 土 0.06 
Pb Not detected 0.1±0.1 
Hg 0.01±0.02 Not detected 
A1 Not detected 0.1 ±0.12 
Sl 0.1±0.1 Not detected 
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Percentage of main component dissolved by 
M0106 Stomach solution hitestine solution 
Average 0.54±0.09(18) 1.9±0.2(10) 
P As2S2 (%) ] 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected 0.02 ± 0.04 
Mg Not detected Not detected 
Fe 0.03 土 0.03 Not detected 
Ba 0.001土0.002 0.01±0.01 
^ Not detected 0.56±0.57 
^ 0.03±0.01 0.00±0.01 
As 0.44 土 0.07 1.6土0.1 
Cr Not detected 0.04 土 0.05 
Pb Not detected 0.1 ±0.1 
Hg 0.01 ±0.04 Not detected 
Xi Not detected 0.1±0.2 
Sl 0.06 土 0.07 Not detected 
Percentage of main component dissolved by 
MQ109 Stomach solution Intestine solution 
~Average 0.67 土 0.05 (7.2) 1.82±0.08(4.2) 
P As2S2 (%) _ _ J 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected 0.02 土 0.03 
Mg Not detected Not detected 
Fe 0.015±0.005 Not detected 
Ba 0.004 土 0.004 0.008 ± 0.005 
Ca Not detected 1.09±0.19 
^n 0.032 ± 0.007 0.00±0.01 
As 0.54±0.03 1.45±0.08 
Cr Not detected 0.05 土 0.05 
Pb Not detected 0.1 ±0.1 
Hg 0.00 土 0.02 Not detected 
A1 Not detected 0.1 土 0.2 
A sl 0.05 ± 0.04 0.0 ± 0.4 
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Percentage of main component dissolved by 士 SD (RSD) 
MOlnew Stomach solution hitestine solution Decocting in water 
“ A v e r a g e 0.41±0.03 1.6±0.1 0.3312 
P As2S2 (%) (7.8) (8.2) 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected 0.02 ± 0.03 Not detected 
Mg 0.26 ± 0.02 Not detected 4.97 土 0.03 
F^ 0.032 ± 0.009 Not detected 0.06 土 0.02 
Ba 0.004 ± 0.002 0.006 土 0.007 Not d e t e c t e d ~ 
^ Not detected 0 .6±0.6 24.86 土 0.06 
In 0.026 土 0.006 0.01 土0 . 0 1 Not d e t e c t e d ~ 
As 0.53 ± 0.02 1.24±0.08 46.4±0.1 
Q Not detected 0.04 土 0.05 Not detected 
Pb Not detected 0.1 土 0.1 Not detected 
Hg 0.01±0.01 0.0±0.2 Not d e t e c t e d ~ 
Al Not detected 0.1±0.2 0.43 土 0.02 
Sl 0.05 ± 0.02 Not detected 1.34±0.01 
5.2.3 Cinnabar 
Table 27. Results of analysis of effective content in cinnabar samples 
Percentage of main component dissolved by 
Ml 102 Stomach solution Latestine solution Decocting in water 
"""Average 0.25±0.03 0.46 土 0.04 0.1100 
P HgS (%) (10.4) I (9.3) 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected Not detected 0.010±0.001 ~ ~ 
Mg 0.01±0.08 Not detected 0.47 土 0.04 
Fe 0.01土0.04 Not detected 0.96 土 0.03 
Ba 0.21±0.01 0.02±0.01 2.77 土 0.06 
^ Not detected 0.92 土 0.08 5.79±0.06 
^ 0 .023±0.009""" 0.005±0.003 0.05±0.01 
As Not detected 0.40 ± 0.02 0.15土0.01 
Q Not detected 0.016±0.008 0.024 ± 0 . 0 0 2 “ 
Pb Not detected 0.03 ± 0.03 0.031 ± 0 . 0 0 6 ~ 
Hg 0.72 土 0.08 1.3±0.1 19.0±0.0 
Al Not detected Not detected 0.98 土 0.03 
Si Not detected Not detected 5.58±0.01 
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Percentage of main component dissolved by 
M1103b Stomach solution hitestine solution 
Average 0.33±0.02 (6.4) 0.70±0.05 (7.0) 
PHgS(%) _ J 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected Not detected 
^ 0.59 土 0.04 Not detected 
Fe 0.04 土 0.02 Not detected 
Ba 0 .14土0 .02~ 0.004 ± 0.006 
^ 0 . 9 t 0 . 1 1.2±0.2 
^ 0.037 ± 0.005 Not detected 
As Not detected 0.36 ± 0.07 
Cr Not detected Not detected 
n 0.01±0.04 Not detected 
Hg 0.96 土 0.05 2 .0±0.1 
Xi 0.00 土 0.02 Not detected 
Si Not detected Not detected 
Percentage of main component dissolved by 
M1103c Stomach solution Mestine solution 
Average 0.56±0.07(13) 0.53 土 0.05 (9.5) 
P HgS (%) _ J 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected Not detected 
Mg 0.29±0.01" Not detected 
Fe 0.07 土 0.02 Not detected 
Ba 0.098±0.001 0.03±0.03 
^ 0.595 土 0.008 1.4±0.6 
^ 0.22±0.01 Not detected 
As Not detected 0.44 土 0.04 
Cr Not detected Not detected 
Pb Not detected Not detected 
Hg 1.6土0.2 1.6±0.2 
A1 Not detected Not detected 
轟 Si Not detected Not detected 
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5.2.4 Calomelas 
Table 28. Results of analysis of effective content in calomelas samples 
Percentage of main component dissolved by 
M0901 Stomach solution Litestine solution Decocting in water 
“ A v e r a g e 1.762±0.015 3 . 4 5 5 ± 0 . 3 2 ~ 0.1123 
P Hg2Cl2 (%) (0.86) (9.4) 
Elements Effective content of each element in ppm 土 SD 
Cu ~ 0 . 0 2 6 土 0 . 0 0 2 ~ Not detected """^  Not detected 
i ^ Not detected Not detected “ 0 . 0 3 3 ± 0 . 0 0 3 ~ 
F^ 0.02 ± 0.02 Not detected 0.05 土 0.06 
Ba 0.012±0.001 0.003±0.001 Not d e t e c t e d ~ 
^ Not detected 0.57 土 0.07 0.536 ± 0 . 0 0 4 ~ 
^ 0.08±0.02 Not detected Not detected 
As 0.026 土 0.003 0.29 土 0.03 Not detected 
a 0.044±0.001 0.020 ± 0.005 Not detected~~ 
Pb 0.112±0.004 0.039 土 0.008 Not d e t e c t e d ~ 
Hg 5.00 + 0.02 9.9土0.9 19.11±0.01 ~ 
A\ 0.1884±0.0036 0.0276 ± 0.0062 Not detected~~ 
^ 1.29t0.01 Not detected 0.05 土 0.02 
Percentage of main component dissolved by 
MQ903 Stomach solution hitestine solution 
~Average 0.63 土 0.03 (4.3) 0.71±0.03 (5.3) 
P Hg2Cl2 (%) ^ 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected 0.009 土 0.005 
Mg Not detected 0.145±0.005 
Fe 0.009 ± 0.006 0.009 ± 0.003 
Ba 0.011±0.008 0.005±0.001 
Ca Not detected 1.0±0.2 
^ 0.035±0.003 0.012±0.002 
As Not detected 0.07 土 0.02 
Q Not detected 0.027 土 0.007 
Pb Not detected 0.05 ± 0.02 
Hg 1.78t0.07 ,2.04±0.09 
A1 Not detected 0.03 ± 0.05 
Sl 0.2±0.1 0.0 ± 0.2 
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Percentage of main component dissolved by 
M0903a Stomach solution hitestine solution 
Average 1.16±0.08 (6.8) 1.59±0.02(L3) 
P Hg2Cl2 (%) _ J 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected 0.03 ± 0.03 
Mg Not detected 0.07 ± 0.09 
Fe 0.02±0.01 0.017±0.006 
^ 0.004 ± 0.005 0.010±0.006 
^ Not detected 0 .3±0.5 
Zn 0.039 土 0.007 0.017±0.009 
As Not detected 0.14±0.09 
Cr Not detected 0.06 ± 0.05 
Pb Not detected 0.1 ±0.1 
Hg 3.3土0.2 4.51±0.03 
A1 Not detected 0.1±0.2 
Si 0.2 ± 0.2 Not detected 
5.2.5 Smithsonite 
Table 29. Results of analysis of effective content in smithsonite samples 
Percentage of main component dissolved by 士 SD (RSD) 
M1801 Stomach solution hitestine solution Decocting in water 
Average 34.8±1.1 4.4 土 0.3 0.0025 
PZnO(o/o) (3.2) (5.8) 
Elements Effective content of each element in ppm 土 SD 
^ 0.01土0.01 0.03 ± 0.05 ^o t detected~~ 
Mg 6.5 ± 0.5 0.15±0.06 1.59±0.02 
Fe 0.5 ± 0.2 0.09 土 0.06 0.05 土 0.06 
Ba 0.002 ± 0.003 0.01 ±0.01 0 .037土0.000~ 
Ca 10.2±0.4 1.0土0.9 10.99±0.04~"~ 
^ 32.2±1.3 4.1土0.2 0.40土0.01 
As 0.01土0.06 0.1 ±0.2 Not d e t e c t e d ~ 
a 0.01土0.03 0.04 土 0.09 Not d e t e c t e d ~ 
Pb 1.1±0.1 0.2±0.2 Not d e t e c t e d ~ 
Hg 0.110±0.010 0.2 土 0.6 0.071 ± 0 . 0 0 4 ~ 
Ai 0.25 土 0.07 0.1±0.3 0.10±0.01 
Si 0.3±0.1 0.0±0.1 0.583 土 0 . 0 0 3 “ 
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Percentage of main component dissolved by 
M1802 Stomach solution hitestine solution 
Average 73.3 ± 0.2 (0.27) 7.5 ± 0.7 (9.4) 
P ZnQ (%) 
B S ^ B B ^ S B B ^ ^ B S B S B S B S B S S B B B S S S S S B S S S ^ ^ B B B S B B S B S S S B B B B B S S B S S 8 B B 8 ^ B B ^ ^ S S S ^ ^ S S B B S B S S B B S B B B B B S S B B S S B ^ S ^ ^ S S B ^ ^ ^ B S ^ ^ B S B ^ ^ S 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected 0.01+ 0.01 
^ 0.070 ± 0.005 0.05 土 0.03 
Fe 0.16±0.03 0.04 土 0.02 
Ba 0.008土0.001 0.004 土 0.005 
Ca Not detected 0.3433 ± 0.2 
Zn 68.4土0.7 6.836±0.7 
As 0.00 ± 0.05 0.02 ± 0.02 
^ Not detected 0.01 土 0.02 
Pb Not detected 0.03 ± 0.02 
Hg 0.10±0.02 Not detected 
A1 Not detected 0.04 土 0.06 
Si 1.1土1.0 Not detected 
Percentage of main component dissolved by 
M1803 Stomach solution hitestine solution 
Average 66.7土1.0 5 .3±0.6 
PZnO(%) 0 j } 0 ^ 
Elements Effective content of each element in ppm 土 SD 
Cu 0.008 ± 0.004 0.03 + 0.05 
Mg Not detected" Not detected 
^ 0.31土0.06 0.06 ± 0.05 
Ba 0.006 ± 0.008 0.02 ± 0.02 
Ca Not detected 0.2 ± 0.8 
Zn 61.10±0.05 4.8 ± 0.5 
As 0.02 ± 0.05 0.1 ±0.2 
Cr Not detected 0.05 ± 0.07 
Pb 1.36±0.08 0.2 ± 0.2 
Hg 0.11±0.01 0 . 1 i 0 . 2 
M 0.97 土 0.09 0.3 ± 0.2 
^ 2.99 土 0.05 Notdetected 
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5.2.6 Stalactite 
Table 30. Results of analysis of effective content in stalactite samples 
Percentage of main component dissolved by 
M0201 Stomach solution hitestine solution 
Average 108.9±0.8 (0.71) 10.9±0.1 (1.2) 
PCaOWo) _ J 
Elements Effective content of each element in ppm 土 SD 
^ • 0 . 0 0 8 土 0 . 0 0 4 T 0 . 0 0 8 ± 0 . 0 0 1 
Mg Not detected Not detected 
~ ~ ~ F e 0.02 土 0.02 0.001 ±0.003 
Ba 0.007 ± 0.002 0.003 ± 0.003 
^ 5 9 . 4 土 0 . 2 5 . 8 6 ± 0 . 1 0 
Zn 0.027 ± 0.006 0.07 ± 0.02 
As 0.03 ± 0.02 0.030 土 0.003 
Cr 0.004 土 0.006 0.027 ± 0.006 
Pb 0.01土0.02 0.03土0.01 
Hg 0.26土0.03 Not detected _ 
A1 0.47 土 0.06 0.090 土 0.007 
Si 2.05±0.03 Not detected 
Percentage of main component dissolved by 
M0203 Stomach solution hitestine solution 
Average 98.2 土 0.7 10.6土0.3 
P CaCO3 (%) ( 0 ^ 2 ^ 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected— 0.004 + 0.001 
Mg Not detected Not detected 
Fe 0.01±0.03 Not detected 
Ba 0.01土0.01 0.002±0.001 
^ 53.3±0.5 5.8±0.1 
Zn 0.023 土 0.002 0.03±0.01 
As Not detected Not detected 
Cr Not detected Not detected 
Pb 0.02 土 0.02 0.01±0.01 
Hg 0.09±0.02 Notdetected 
A1 0.43 ± 0.02 0.05 ± 0.02 
Si 0.07 土 0.06 Not detected 
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Percentage of main component dissolved by 
M0217 Stomach solution hitestine solution 
Average 96.9±0.7 (0.75) 12.8±0.4 (3.4) 
P CaCO3 (%) ^ 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected 0.012 ± 0.002 
^ 0.27 ± 0.03 0.05 ± 0.05 
Fe 0.01±0.01 Not detected 
Ba 0.022 ± 0.003 0.009 土 0.000 
^ 52.9 土 0.4 7.0土0.1 
^ 0.030 ± 0.007 0.01 ±0.01 
As 0.02 ± 0.06 0.027 ± 0.005 
a 0.01±0.03 0.021 ±0.003 
Fb 0.02 土 0.04 0.023 土 0.006 
Hg 0.127±0.005 Not detected 
Xi 0.6土0.1 0.12±0.01 
^ 1.29±0.04 Not detected 
Percentage of main component dissolved by 
M0225 Stomach solution Intestine solution 
~~Average 102.1土0.9 (0.90) 11.7±0.7 (5.9) 
P CaCO3 (%) ^ 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected 0.015 + 0.004 
Mg 0.37土0.01 - 0.03 土 0.04 
Fe 0.014±0.002 Not detected 
Ba 0.010土0.000 0.009土0.010 
^ 55 .3 t0 .1 6.3 土 0.4 
Zn Not detected 0.056 土 0.007 
As Not detected 0.051 ±0.002 
Cr Not detected 0.030 土 0.004 “ 
Pb Not detected 0.048 ± 0.004 
Hg 0.081±0.001 Notdetected 
Xi 0.406 ± 0.009 0.123±0.003 
Sl 2.39±0.03 Notdetected 
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Percentage of main component dissolved by 
M02new Stomach solution hitestine solution Decocting in water 
“ A v e r a g e 100.4±0.3 10.6±0.3 0,1845 
PCaCO3(0/0) (0.25) (2." )^ 
Elements Effective content of each element in ppm 土 SD 
^ Not detected~" 0.009±0.01 0.006±0.001 ~ 
Mg 1.18±0.01 0.04 土 0.02 0.61 ±0.02 
Fe 0.005±0.001 0.002土0.01 Not detected 
Ba 0.014±0.002 0.009 ± 0.000 0.032 土 0 . 0 0 0 “ 
^ 54.2 土 0.2 5.7±0.2 14.8±0.5 
^ Not detected 0.051±0.009 Not detected 
As Not detected 0.05 土 0.03 0.006 土 0 . 0 0 8 ~ 
a Not detected 0.028 土 0.004 0.009 ± 0 . 0 0 5 ~ 
Pb ~ N o t detected 0.042 土 0.007 0 . 0 1 2 ± 0 . 0 0 4 ~ 
Hg 0.089 土 0.003 Not detected 0.072 ± 0.002~~ 
A\ 0.42 土 0.02 0.08 土 0.04 0.51 ±0.01 
Sl 2.305 土 0.004 Not detected 13 .61±0.00~~ 
5.2.7 Magnetite 
Table 31. Results of analysis of effective content in magnetite samples 
Percentage of main component dissolved by 
M0701 Stomach solution Mestine solution 
~Average 1.05土0.03 (2.8) 0.33±0.01 (3.4) 
PFe(o/o) 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected Not detected 
Mg 0.06±0.01 0.02 ± 0.04 
Fe 2.93 ± 0.04 0.92 土 0.04 
Ba 0.010±0.001 0.002±0.001 
^ 1.1±0.4 0.9 ± 0.2 
Zn 0.04土0.01 Not detected “ 
As Not detected 0.3484 土 0.08 
Cr Not detected Not detected 
Pb 0.01±0.02 Not detected 
Hg 0.05 土 0.06 Not detected 
A\ 0.71±0.07 Not detected 
Si 2.6±1.2 Not detected 
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Percentage of main component dissolved by 
M0703 Stomach solution hitestine solution 
Average 0.276±0.009 (3.3) 0.27±0.03 (9.9) 
P Fe (%) 
S S S S S S ^ S S B = ^ S ; ^ S = f a a s a S S S S B S B = = B B B = B B B B S S S S B S S = a B a = S S s t s a a ^ S a = S S S S S B S S S = S a S B B S = S B B B = S ^ = S S S S : 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected Not detected 
Mg Not detected Not detected 
Fe 0.77 ± 0.02 0.76 土 0.08 
Ba Not detected 0.002 土 0.000 
^ 0.51±0.06 0.3 ± 0.5 
Zn 0.08 土 0.03 Not detected 
As 0.00±0.01 0.37±0.01 
Cr Not detected Not detected 
Pb Not detected Not detected 
Hg 0.018±0.006 Not detected 
Xi 0.183±0.009 Not detected 
Sl 0.26 土 0.05 Not detected 
Percentage of main component dissolved by 
M0713 Stomach solution Mestine solution 
“Average 0.82±0.09(11) 0.16土0.01 (8.6) 
P Fe (o/o) ^ 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected Not detected 
Mg Not detected- Not detected 
Fe 2.3 ± 0.3 0.46 ± 0.04 
Ba 0.007 ± 0.006 Not detected 
^ 0.8±0.2 0.3±0.1 
Zn Not detected Not detected 
As Not detected Not detected 
Cr Not detected Not detected 
Pb Not detected Not detected 
Hg 0.03 土 0.04 Not detected 
Xi 0 .1 l0 .2 Not detected 
• 
Sl 0.4±0.4 0.1±0.1 
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Percentage of main component dissolved by 
M0714 Stomach solution Mestine solution 
“ A v e r a g e 0.71±0.04 (5.4) 0.432±0.009 (2.1) 
P Fe (%) 
^ & S S 8 S ^ B i ^ S B ^ B S S ^ B 8 ^ ^ ^ B B B S S S B S S ^ ^ B S B S ^ ^ B ^ B S B B S S S S B B S S B B B S S B S S S B B B S B S B S S S B S B S B b B B S B S S B B S S S B S S S B B S S S B S B B B S ^ B S S B S ^ B ^ ^ B S S S B ^ B S S B B 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected Not detected 
Mg 0.23 土 0.08 Not detected 
Fe 1.99±0.02 1.20±0.01 
Ba 0.02 土 0.02 0.002 ± 0.003 
^ 0.92 土 0.09 0.1 ±0.2 
^ 0.09 土 0.08 Not detected 
As Not detected 0.29 土 0.03 
Cr Not detected Not detected 
Pb Not detected Not detected 
Hg 0.03 土 0.02 Not detected 
M 0.19±0.08 Not detected 
Si 0.77 土 0.07 Not detected 
Percentage of main component dissolved by 
M0717 Stomach solution toestine solution 
”Average 0.346 土 0.032 (9.2) 0.043 土 0.003 (7.7) 
P Fe (%) ^ 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected Not detected 
Mg 2.45±0.04 - Not detected 
F^ 1.27土0.09 0.119±0.008 
Ba 0.004 土 0.003 Not detected 
^ 4.15±0.02 0.15±0.10 
^ 0.21±0.02 Not detected 
As 0.16±0.03 Not detected 
Cr Not detected Not detected 
Pb Not detected Not detected 
Hg 0.05 土 0.02 Not detected 
Al 0.09 土 0.02 Not detected 
Sl 0.47 ± 0.02 Notdetected 
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Percentage of main component dissolved by 
M0725 Stomach solution Mestine solution 
Average 2 .9±0.2 (7.4) 0.89 土 0.06 (7.0) 
P Fe (%) 
= = = ^ s s B : ^ s s & S B a B : ^ = a a ^ s a s ^ = s = B a s B a B B = B = S B B S s s s B S = ^ = s s b s s s a ^ ^ = s s B B ^ = ^ ^ ^ = s s = a = = s s B s s s s s s = : B 
Elements Effective content of each element in ppm 土 SD 
Cu 0.005 ± 0.008 Not detected 
Mg 0.64 ± 0.05 Not detected 
F^ 7 .9±0.7 2.5 ± 0.2 
Ba 0.04 土 0.04 Not detected 
^ ~ 0 . 0 ± 0.2 1.2±0.1 
Zn 0.1±0.2 Not detected 
As 0.03 土 0.02 0.35±0.03 
Cr Not detected Not detected 
Pb 0.02 土 0.03 Not detected 
Hg 0.15±0.02 Not detected 
Xi 0.82 ± 0.08 Not detected 
Si 1.2土0.1 Not detected 
Percentage of main component dissolved by 
M07new Stomach solution toestine solution Decocting in water 
“Average 0.53±0.06 0.44 土 0.03 0.0234 
PFe (o/o) (10) (7.3) 
Elements Effective content of each element in ppm 土 SD 
^ 0.037 ± 0 . 0 0 7 ~ 0.05 土 0.09 Not detected 
Mg 0.05 土 0.03 ' ^ “ N o t detected 0.90±0.01 
Fe 1.5±0.1 1.21±0.09 4.49 土 0.09 
Ba “ 0 . 0 1 3 ± 0 . 0 0 8 Not detected Not detected 
^ 0.4 土 0.2 1.5土0.7 5.71±0.08 
Zn 0.06 土 0.03 0.00土0.01 Not d e t e c t e d ~ 
As Not detected ~ 0 . 4 0 2 ± 0,005 Not detected 
Cr Not detected 0.1 土 0.1 Not detected 
Pb Not detected Not detected Not detected 
Hg 0.04 土 0.02 Not detected Not detected 
Xi 0.20 ±0.04 Not detected L28±0.06 
Sl 0.5±0.3 Not detected 7.6±0.1 
66 
5.2.8 Limonite 
Table 32. Results of analysis of effective content in limonite samples 
Percentage of main component dissolved by 
M0613 Stomach solution hitestine solution Decocting in water 
~Average 0.508 土 0.004 0.36 土 0.02 0.1148 
P Fe (%) (0.81) (5.3) 
Elements Effective content of each element in ppm 土 SD 
^ 0 .030土0.007~ Not detected 0.060土0.001 ~ 
N ^ 0.09 ± 0.02 Not detected 2.61 土 0.03 
Fe 1.42±0.02 1.00土0.06 23.0±0.1 
Ba 0.024 土 0.002 0.002 土 0.000 0.301 ± 0 . 0 0 2 “ 
^ “~~0.95 ± 0.02 0.4±0.1 7 . 4 1 0 ± 0 . 0 0 9 “ 
^ 0.042 土 0.004 Not detected 0.065 ± 0 . 0 0 2 “ 
As 0.09 ± 0.02 0.19±0.02 0.64土0.01 
Q 0.03 土 0.02 Not detected 0 . 1 7 2 ± 0 . 0 0 6 ~ 
Pb 0.09 土 0.03 Not detected 0.25 ± 0.02 
H^ 0.07±0.01 Not detected 0 . 1 9 0 ± 0 . 0 0 3 “ 
Al 1.44±0.06 0.50 ± 0.08 58.9土0.4 
Si 2.0 ± 0.2 0.4 ± 0.3 13.6±0.0 
Percentage of main component dissolved by 
M0617 Stomach solution Intestine solution 
Average 0.15±0.02 (9.8) 0.099 土 0.004 (4.3) 
PFe(o/o) _ J 
Elements Effective content of each element in ppm 土 SD 
^ 0.026 ± 0.002 Not detected 
^ 0.19±0.03 Not detected 
Fe 0.42 土 0.04 0.274 土 0.009 
Ba 0.018土0.000 0.002±0.001 
^ 0.75 土 0.06 2.7±0.3 
^ 0.066 土 0.007 Not detected 
As 0.091土0.003 0.37 土 0.07 
Q 0.029 土 0.004 Not detected 
^ 0.092 土 0.004 Not detected 
Hg 0.076 土 0.006 Not detected 
Al 1.05 土 0.04 0.56 ± 0.06 
Si 2.0±0.2 1.1±0.2 
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Percentage of main component dissolved by 
M0620 Stomach solution hitestine solution 
Average 0.165±0.01 (7.0) 0.102土0.001 (1.0) 
P Fe (%) 
s ^ B ^ B S s s a ^ = ^ = s = ^ = a a s s s ^ B ^ = s ^ s s s B S = s a = B a s = s s = s s s = i = = = s s = s s s s B a s s B S = : ^ s = ^ ^ B ^ B = ^ ^ ^ ^ ^ s 
Elements Effective content of each element in ppm 土 SD 
Oa 0.030 ± 0.006 Not detected 
^ 0.07 ± 0.02 Not detected 
Fe 0.46 土 0.03 0.284 ± 0.002 
Ba 0.025±0.004 0.005±0.001 
^ 0 . 6 7 土 0. 0 3 1 . 3 ± 0 . 5 
^ 0.06土0.01 Not detected 
As 0.09 ± 0.02 0.43 ± 0.03 
Q 0.03±0.01 Not detected 
n 0.11±0.03 Not detected 
Hg 0.086 土 0.008 Not detected 
A\ 0 .7±0.2 0.024±0.007 
Sl 0.8±0.2 0.15±0.02 
5.2.9 Hematite 
Table 33. Results of analysis of effective content in hematite samples 
Percentage of main component dissolved by 
M0813 Stomach solution hitestine solution 
“Average 1.25±0.10(7.7) 0.290 土 0.003 (0.84) 
P Fe (o/o) ^ _ _ J 
Elements Effective content of each element in ppm 土 SD 
^ 0.040±0.001 Not detected 
Mg 0.10±0.03 Not detected 
F^ 3.5±0.3 0.811±0.007 
Ba 0.020±0.001 Not detected 
^ 0.4 ± 0.2 1.6±0.1 
Zn~ 0.11±0.03 “ ~ N o t detected 
As 0.108±0.007 0.32 土 0.04 
^ 0.09 土 0.03 Not detected 
^ 0.13±0.02 Not detected 
Hg 0.243 ± 0.003 Not detected 
M 0.40 土 0.03 Not detected 
Sl 0.44 ± 0.05 Not detected 
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Percentage of main component dissolved by 士 SD (RSD) 
M0814 Stomach solution hitestine solution Decocting in water 
Average 1.16±0.01 0.83±0.07 0.0865 
PFe(%) (1.2) (8.0) 
Elements Effective content of each element in ppm 土 SD 
Oul 0.03±0.01 Not detected Not detected 
Mg 0.05 ± 0.02 Not detected 0 . 1 8 3 ± 0 . 0 0 9 “ 
S 3.26±0.02 2.3 ± 0.2 17.36±0.03 
Ba 0.019±0.003 0.005 土 0.003 0.003 土 0 . 0 0 0 ~ 
^ 0.45 土 0.04 0.87±0.06 2.941 ± 0 . 0 0 9 ~ 
^ 0.057 土 0.009 0.00±0.01 Not d e t e c t e d ~ 
As 0.06 ± 0 . 0 4 ~ “ 0.32 土 0.07 Not detected 
a 0.05 土 0.03 Not detected 0.005 土 0 . 0 0 2 “ 
~ ^ 0.09 土 0.03 Notdetected 0.008 ± 0 . 0 0 6 ~ 
Hg 0.18±0.05 Not detected 0.096 ± 0 . 0 0 4 ~ 
XI 0.29 土 0.08 Not detected 1.057土0.009 
Sl 0.4±0.1 Not detected 6.56 ± 0.03 
Percentage of main component dissolved by 
M0815 Stomach solution Intestine solution 
~Average 1.20±0.04 (2.9) 0.70 ± 0.05 (7.3) 
PFe(o/o) _ J 
Elements Effective content of each element in ppm 土 SD 
^ 0.030 ± 0.002 Not detected 
Mg 0.019±0.006 Not detected 
F^ 3.39±0.11 2.0 ± 0.2 
Ba 0.020±0.001 0.002±0.001 
Ca 0.12±0.05 1.50±0.05 
In 0.08 ± 0.03 Not detected 
As 0.10±0.04 0.416±0.003 
Cr 0.032±0.01 Not detected 
?b 0.08 ± 0.02 Not detected 
1¾ 0.14±0.03 Not detected 
Xi 0.25 土 0.03 Not detected 
Sl 0.41±0.06 Not detected 
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Percentage of main component dissolved by 
M0816 Stomach solution hitestine solution 
Average 1.05±0.05(4.5) 0.61±0.02 (3.4) 
P Fe (%) 
^ s s = s s B ^ s = ^ s s ^ ^ B = B s s s s s = s B B S s s B = a = B S ^ B S S B S = s s s s = = ^ a = a a s a s s s = B = s ^ = s = = : ^ = s = s = s = s 
Elements Effective content of each element in ppm 土 SD 
^ 0.033土0.001 Not detected 
Mg 0.024 土 0.002 Not detected 
Fe 2.956±0.13 1.71±0.05 
Ba 0.017±0.000 0.002 ± 0.000 
^ Not detected 2.17±0.08 
^ 0.056 土 0.006 Not detected 
As 0.08土0.01 0.483 土 0.007 
a 0.039 ± 0.003 Not detected 
Pb 0.11±0.01 Not detected 
Hg 0.3 土 0.2 Not detected 
XI 0.246 土 0.002 Not detected 
Si 0.39 土 0.07 Not detected 
Percentage of main component dissolved by 
M0817 Stomach solution Mestine solution 
Average 1.3土0.1 (8.7) 0.71 土 0.05 (6.8) 
P Fe (%) _ _ J 
Elements Effective content of each element in ppm 土 SD 
^ 0.033 ± 0.005 Not detected 
Mg Not detected� Not detected 
Fe 3 .710.3 2 .0±0.1 
Ba 0.018±0.001 Not detected 
^ 0.13±0.05 2.1 ±0.3 
Zn 0.054 土 0.005 Not detected 
As 0.09 土 0.02 0.39 ± 0.08 
^ T " 0.04土0.01 ~ N o t detected 
Pb 0.11±0.02 Not detected 
Hg 0.14土0.02 Not detected 
M 0.29 土 0.01 Not detected 
Sl 0.44 土 0.03 Not detected 
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Percentage of main component dissolved by 
M0818 Stomach solution hitestine solution 
Average 1.15±0.10(8.3) 1.60±0.07(4.6) 
P Fe (o/o) ^ 
Elements Effective content of each element in ppm 土 SD 
Cu 0.041 土 0.003 Not detected 
M i 0.06 土 0.02 0.03 土 0.02 
Fe 3 ,2±0.2 4.5 ± 0.2 
Ba 0.023 土 0.000 0.008 ± 0.006 
^ 0 . 2 4 土 0 . 0 7 0 . 6 ± 0 . 3 
^ 0.080 ± 0.006 Not detected 
As 0.093±0.01 0.043±0.003 
Cr 0.058 ± 0.002 Not detected 
Pb 0.131土0.006 0.004±0.007 
Hg 0.273 土 0.005 Not detected 
Xi 0.32土0.01 0.04土0.04 
Si 0.246 ± 0.003 0.55 ± 0.05 
Percentage of main component dissolved by 
M0820 Stomach solution Intestine solution 
“Average 1.03±0.03 (3.2) 0.94 土 0.08 (8.6) 
P Fe (%) ^ 
Elements Effective content of each element in ppm 土 SD 
^ 0.046±0.001 Not detected 
Mg Not detected� Not detected 
Fe 2.88±0.08 2.6 ± 0.2 
Ba 0.017±0.002 0.004 土 0.001 
Ca Not detected 0.7 土 0.4 
^ 0.13±0.05 0.004±0.001 
As 0.122±0.006 0.07±0.01 
a 0.051±0.004 0.008 土 0.009 
Pb 0.159±0.006 0.003 ± 0.003 
Hg 0.124±0.002 Not detected 
Xi 0.33土0.01 0.0322±0.003 
Si 0.57±0.06 0.32±0.1 
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Percentage of main component dissolved by 
M0821 Stomach solution Mestine solution 
” A v e r a g e 1.1±0.1 (11) 0.65±0.04 (6.5) 
P Fe (%) ] 
Elements Effective content of each element in ppm 土 SD 
Cu 0.040 土 0.009 Not detected 
Mg Not detected Not detected 
Fe 3.06土0.3 1.8±0.1 
Ba 0.016±0.001 0.001 ±0.001 
^ Not detected 1.8土0.1 
^ 0 . 0 4 9 土 0 . 0 0 9 0 . 0 0 5 ± 0 . 0 0 3 
As 0.11±0.02 0.41 土 0.06 
^ 0.05±0.01 Not detected 
Pb 0.14±0.04 Not detected 
Hg 0.09 土 0.04 Not detected 
Xi 0.32 土 0.09 Not detected 
Si 0.6±0.1 Not detected 
Percentage of main component dissolved by 
M0823 Stomach solution hitestine solution 
Average 0.97±0.02 (2.3) 0.40±0.04(11) 
P Fe (o/o) _ _ J 
Elements Effective content of each element in ppm 土 SD 
^ 0.048 ± 0.005 Not detected 
Mg Not detected- Not detected 
Fe 2.69 土 0.07 1.1±0.1 
Ba 0.012±0.001 0.004 ± 0.002 
Ca Not detected 1.7土0.3 
^ 0.06 ± 0.03 0.010±0.002 
As 0.11±0.01 0.49 土 0.03 
a 0.051±0.005 0.01 ±0.01 “ 
Pb 0.144±0.002 Not detected 
Hg 0.077 ± 0.006 Not detected 
X r 0.33 土 0.02 Not detected 
Sl 0.54 土 0.03 Not detected 
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� 
Percentage of main component dissolved by 
M0825 Stomach solution Litestine solution 
“ A v e r a g e 1.05±0.06 (5.8) 0.66 土 0.06 (8.8) 
P Fe (%) ^ 
Elements Effective content of each element in ppm 土 SD 
^ 0.042 土 0.005 Not detected 
Mg Not detected Not detected 
¥Q 2.9 土 0.2 1.7±0.2 
Ba 0.013±0.001 0.01土0.01 
^ Not detected 1.9土0.2 
^ 0.040 土 0.005 Not detected 
As 0.13土0.01 0.37土0.07 
Q 0.067 土 0.003 Not detected 
Pb 0.164±0.006 Not detected 
Hg 0.094 土 0.003 Not detected 
Xi 0.317±0.004 Not detected 
Sl 0.30±0.01 Not detected 
5.2.10 Pyrite 
Table 34. Results of analysis of effective content in pyrite samples 
Percentage of main component dissolved by 
M1301 Stomach solution Intestine solution 
Average 3.3 ± 0.2 (4.5) 0.51±0.04 (8.4) 
P Fe (%) 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected Not detected 
Mg Not detected Not detected 
Fe 9.3 土 0.2 1.4±0.1 
Ba 0.01±0.01 0.02 土 0.04 
Ca Not detected 0.3土0.4 
Zn 0.1 土 0.1 Not detected 
A s “ Not detected 0.36 土 0.09 
Q Not detected 0.02±0.01 
?h Not detected 0.04±0.01 
Hg 0.3±0.1 Not detected 
M 0.08 ± 0.04 0.011±0.025 
Si 0.1±0.1 Not detected 
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Percentage of main component dissolved by 
M1313 Stomach solution hitestine solution 
Average 1.5±0.1 (7.9) 1.00±0.07 (7.1) 
PFe(o/o) _ J 
Elements Effective content of each element in ppm 土 SD 
^ 0.01土0.01 Not detected 
Mg Not detected Not detected 
Fe 4.3 ± 0.4 2 .8±0.2 
Ba 0.016±0.008 0.01 ±0.02 
^ 0.17±0.07 1.9±0.4 
^ 0 .7±0.8 0.05 ± 0.03 
As 0.00 ± 0.04 0.42±0.05 
Cr Not detected Not detected 
Pb 0.25±0.07 0.02±0.02 
Hg 0.15±0.01 Not detected 
A\ 0.397 ± 0.005 0.02 土 0.03 
Sl 0.23 ± 0.07 Not detected 
Percentage of main component dissolved by 
M13new Stomach solution Intestine solution Decocting in water 
Average 0.24±0.01 0.014±0.001 ~ 0.0012 
PFe(o/o) (6.0) (6.2) 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected Not detected Not detected 
Mg Not detected � Not detected 0.126土0.001 
¥1 0.68 土 0.04 0.039 土 0.002 0.15土0.09 
Ba 0.009 土 0.004 0.02 ± 0.03 Not detected 
^ Not detected 1.51±0.04 1 . 2 9 5 ± 0 . 0 0 5 ~ 
Zn 0.023 土 0.002 Not detected Not detected 
As Not detected 0.38±0.05 Not detected 
Cr Not detected 0.007±0.009 Not detected 
?h Not detected 0.01 ± 0.02 Not detected 
Hg 0.040 土 0.000 Not detected Not d e t e c t e d ~ 
Al 0.04 土 0.02 Not detected Not detected 
Sl 0.001 ± 0.006 Not detected 1.39±0.01 
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5.2.11 Talc 
Table 35. Results of analysis of effective content in talc samples 
Percentage of main component dissolved by 
M1702 Stomach solution hitestine solution Decocting in water 
~Average 1.45±0.02 0.30 ± 0.02 0.4039 
P SiO2 (%) (2.1) (6.8) 
Elements Effective content of each element in ppm 土 SD 
^ Not detected Not detected 0.004土0.001 ~ 
^ 1.41±0.08 0.34±0.07 2.01土0.04 
f c 0.010土0.004 Not detected 0.005 土 0 . 0 0 2 “ 
Ba 0.007土0.001 Not detected 0.002±0.001 ~ 
^ 0.49±0.01 1.29±0.32 2 . 6 8 4 ± 0 . 0 0 2 ~ 
Zn 0.039 土 0 . 0 0 6 “ Not detected Not detected 
As Not detected 0.36 土 0.02 Not detected 
Q Not detected Not detected 0.003 土 0.004 
Pb Not detected Not detected Not detected 
Hg 0.059 土 0.004 Not detected 1.25±0.02 
Xi Not detected Not detected 0.096 ± 0 . 0 0 5 ~ 
Si 3.77±0.09 0.77 ± 0.05 8.83 ± 0.05 
Percentage of main component dissolved by 
M1703 Stomach solution Lntestine solution 
“Average 0.99土0.01 (2.7) 0.241±0.006 (2.4) 
PSiO2(0/0) ] 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected Not detected 
Mg Not detected Not detected 
Fe Not detected Not detected 
Ba 0.007 土 0.000 0.004 ± 0.005 
Ca Not detected 1.6 土 0.3 
^ 0.084 土 0.006 Not detected 
As Not detected 0.46 土 0.01 
Cr Not detected Not detected 
Pb Not detected Not detected 
Hg 0.097 土 0.005 Not detected 
Al Not detected Not detected 
Sl 2.59 ± 0.06 0.63±0.01 
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Percentage of main component dissolved by 
M1709 Stomach solution hitestine solution 
Average 1.31±0.02 (2.5) 0.27±0.03 (8.9) 
P SiO2 (%) ] 
Elements Effective content of each element in ppm 土 SD 
Cu Not detected Not detected 
Mg 1.67±0.08 Not detected 
Fe 0.05±0,01 Not detected 
Ba Not detected Not detected 
^ 1.7±0.3 1.8±0.2 
^ 0.032 ± 0.008 Not detected 
As Not detected 0.53 土 0.04 
Cr Not detected Not detected 
Pb Not detected Not detected 
Hg 0.067 ± 0.008 0.2 ± 0.5 
A1 Not detected Not detected 
Sl 3.42±0.08 0.71 ±0.07 
Percentage of main component dissolved by 
M17new Stomach solution hitestine solution 
~Average 1.05±0.02 (4.2) 1.253±0.008 (0.62) 
P SiO2 (%) _ _ J 
Elements Effective content of each element in ppm 土 SD 
^ Not detected 0.142 + 0.003 
^ 0.02 ± 0.03 - 0.13±0.07 
Fe 0.011±0.002 0.082 土 0.004 
Ba 0.017土0.001 0.031 ±0.001 
^ 9.95土0.08 0.64土0.08 
^ 0.084 ± 0.005 0.065 ± 0.002 
As Not detected 0.46 土 0.02 
^ Not detected 0.246±0.001 
Pb Not detected 0.55±0.03 
Hg 0.066±0.001 0.057 ± 0.002 
M 0.037 ± 0.009 0.73 ± 0.02 
^ 2.8±0.1 3.25±0.02 
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CHAPTER 6 
RECOVERY TEST FOR DISSOLUTION 
6.1 GENERAL PROCEDURE 
For ICP recovery analysis of the effective contents in the stomach solution, an 
appropriate amount of each CMD sample was weighed and known amount of standard 
solution and 900 ml of stomach solution were put into the dissolution flask and kept at 
37.0°C and stirred at 100.0 rpm for 4 hours. Then 30ml of mixture was drawn out 
with a plastic syringe through a 10 micron filter. The concentration was analyzed by 
ICP immediately. The stomach solution was used as the blank. 
For ICP recovery analysis of the effective contents in the intestine solution, an 
appropriate amount of each CMD sample was weighed and known amount of standard 
solution and 900 ml of intestine solution were put into the dissolution flask and kept at 
37.0°C and stirred at 100.0 rpm for 4 hours. Then 30ml of mixture was drawn out 
with a plastic syringe through a 10 micron filter. The concentration was analyzed by 
ICP immediately. The intestine solution was used as the blank. 
Table 36 shows the appropriate amount of samples and volume of standard 
solution added in the dissolution. The amount of samples for each CMD was the 
same for both the stomach solution and the intestine solution. 
77 
Table 36. The mass of samples and standard solutions added in the dissolution in 
the ICP recovery analysis 
ICP recovery analysis Stomach solution Litestine solution 900ml 
900ml 
Name of Mass Standard Concentration Volume Concentration Volume 
CMD / g solution /ppm /ml /ppm /ml 
Fluorite Oo"""Calcium 996.0 T m 996.0 2.00 
Realgar o1^"~Arsenic 990.0 LOO 990.0 2.00 
Cinnabar 030""""Mercury 1000.0 ^ 1000.0 3.00 
Calomelas 0.30~~Mercury 1000.0 i ! ^ 10000 1.50 
Smithsonite""^Oo ^ n c 9990.0 ^ 999.0 6.00 
Stalactite^"""^^2""Calcium 9960.0 TW 996.0 2.00 
M a g n e t i t e " ~ ^ i r ^ 1003.0 J m 1003.0 1.00 
Limonite~"""0^ i im 1003.0 L ^ 1003.0 1.00 
H e m a t i t e ~ ~ 0 ^ i r ^ 1003.0 J m 1003.0 2.00 
Pyrite 035 Ln^ 1003.0 5 M 1003.0 1.00 




Table 37. Results of recovery test by ICP analysis 
Name of CMD Sample Code Main Recovery percent of main component 
component dissolved by (%) 土 SD (RSD) 
Stomach solution Intestine solution 
Fluorite M0324 ^ 112.9±5.6 1 0 3 . 8 ± 4 . 5 ~ 
( 5 ^ (43) 
Realgar M0101 As2S2 102.4土10.3 110.8土3.1 
m ( 2 i ) 
Cinnabar M1103c HgS 118.3土6.4 114.7土4.9 
m m 
Calomelas M0901 Hg2Cl2 103.3 + 1.6 110.2土3.5 
i L ^ (3.2) 
Smithsonite M1802 ZnO 86.00+ 1.17 92.42土2.03 
0^ (2.2) 
Stalactite M0201 CaCO3 96.33土1.1 102.4±1.4 
{hh (1-4) 
Magnetite M0701 Fe 82.15 + 1.5 108.1 +7.0 
03 (6-5) 
Limonite M0617 Fe 108.0+ 10 92.25 + 3.7 
( ^ (4.0) 
Hematite M0813 Fe 109.7土2.1 118.5 + 1.1 
0 ^ (0.90) 
Pyrite M1313 Fe 104.4 + 4.0 95.65土3.4 
m (3-6) 
Talc M17new SiO2 107.3±1.5 114.1+2.5 
iL^ 03 






7.1 PRESENCE OF TOXIC ELEMENTS m DIFFERENT CMD 
From the results, some samples such as hematite were found to contain arsenic 
and other elements such as silicon and aluminum after dissolution. The reason is that 
many samples are always contaminated with clay which is the source of aluminum and 
silicon compounds. Arsenic was found after dissolution in some of the samples such as 
hematite because arsenic compounds were always adhered in the impurities such as clay. 
However, it is difficult to predict the presence of arsenic compounds and the total 
content of arsenic compounds in the samples since the samples were collected from 
different geographical regions. Moreover, the soil properties of different geographical 
areas in China are different and they vary a great deal. Also there are many other trace 
elements present in the samples because the samples are always collected from mines 
and soil which is a rich source of trace elements and other bulk elements. Therefore, the 
total contents and the chemical constituents even for the same kind of samples but 
collected from different geographical regions are not constant and vary a lot from place 
to place. This leads to the difference in the dissolved elements in the samples and the 
effective content of the samples in the dissolution. 
7.2 MASS OF SAMPLES ADDED IN THD DISSOLUTION 
The amount of samples for dissolution is a factor affecting the result of 
dissolution. This is because there is a linear relationship between the amount of samples 
added and the amount of samples dissolved only in a certain range of mass. For 
example, the amount of sample dissolved in the stomach solution is plotted against the 
amount of sample used for hematite M0813 in Figure *5 and it is linear in the range 
0.10g - 0.25g of sample mass. However it is not linear thereafter in the range less than 
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0.10g and greater than 0.25g of sample mass. Hence, when the mass of sample is 
chosen, it is important to choose one in the linear dissolution range in order to obtain 
better and accurate results. 




^ 3.0 ^ . . ^ 
^ ^ / ^ 
•| 2.5 ^ ^ 
12.。 ^ . . ^ ^ 
Z 1.5 / ^ ^ ^ LinearRange 
^.0 / I atO._.25g ； 
ca / 丨 -‘ 
^ o . s t ^ _ _ L _ 1 今 
0.0 0.05 0.10 045 0.20 0.25 0.30 0.35 
mass of sample used / g 
Figure 5. The relationship between the mass of sample used and the mass of sample 
dissolved 
Unfortunately, in our work the mass of samples have not been chosen as 
described above because we have to use our dissolution results in this thesis for 
comparison with the traditional quality control methods as described in the Chinese 
Pharmacopoeia. 
7.3 HEIGHT OF THE DISSOLUTION PADDLE JN THE 
DISSOLUTION 
There is another factor that can affect the accuracy of this work. It is the height 
of the paddle ofthe dissolution apparatus in the 1-litreMissolution flask, hi our work, 
the height ofeach paddle is strictly set according to the standard method as described in 
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the Chinese Pharmacopoeia [1], which is at 25 mm above the bottom of the 1-litre 
dissolution flask. Since most samples had a higher density than the stomach and the 
intestine solutions, they tended to sink to the bottom of the flask during dissolution. It 
was found that for a smaller sample mass or lighter samples, it was easier for the 
particles at the bottom to rotate and move freely around the flask, so that this might 
facilitate the efficiency of dissolution of the samples. However, for a larger sample 
mass or heavier samples, it was more difficult for the particles to move around, hence 
the efficiency of dissolution might decrease. Table 38 shows the relationship between 
the height of the paddle and the percentage of sample dissolved for hematite M0813. As 
a result, in order to facilitate the dissolution of such a large sample mass or heavy 
sample, it is obvious that adjustments of the height of the paddle should be done. Thus 
the paddle can be brought closer to the sample at the bottom to enhance the dissolution 
process because better stirring can increase the efficiency of dissolution. 
Table 38. Relationship between the height of the paddle and the percentage of 
sample dissolved for hematite M0813 
Height of the paddle / nun Percentage of Fe dissolved in 
stomach solution 士 SD (RSD) 
[5 1.294土0.078 (6.0) 
^ 1.276土0.063 (4.9) 
Ys 1.252±0.096(7.7) 
^ 1.241土0.088 (7.1) 
Ys 1.229±0.097 (7.9) 
P<umber of replicate = 3) 
Nevertheless, if such an adjustment is done, the comparison of the dissolution 
rate of each sample becomes impossible since the method cannot be standardized. But 
such an adjustment can be regarded as a more realistic method that simulates the body 
stomach and intestine conditions using an external environment. 
• 
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7.4 PARTICLE SKE OF THE SAMPLE EV THE DISSOLUTION 
The sample particle size will affect the dissolution results. Taking magnetite as 
an example, the dissolved percentage of hematite in decocting was increased when the 
particle size was decreased. But the effective content of iron in decocting remained 
nearly constant. Table 39 shows the relationship between sample particle size and the 
sample dissolved mass for magnetite [3e]. 
Table 39. Relationship between sample particle size and the sample dissolved mass [3e] 
Decocting data for magnetite 
Particle Size / mm Dissolved Mass / g 
3 ^ 0.0300 
T3 0.0890 
< 0.2045 
7.5 THE TOTAL AND THE EFFECTIVE CONTENTS 
The traditional quality control of Chinese mineral drugs focuses on the total 
contents of the trace elements. However, these studies neglect the complication of our 
body digestive system and the therapeutic effectiveness of the drug. The total contents 
might not realize the effect of these trace elements in the human body, because trace 
elements can activate their therapeutic effect only if they are dissolved and absorbed by 
the human body digestive system. 
The concept of total contents is not appropriate. It cannot reflect the therapeutic 
effectiveness of the mineral drugs. As a result, the term JSffective Content" is used. 
Effective content is thc concentration of trace elements that dissolve and will be 
absorbed by the digestive system of our body. It can reflect the therapeutic effect of 
trace elements in Chinese mineral drugs. 
83 
hi this work, the total content in each CMD has been determined by the 
traditional quality control method as described on the Chinese Pharmacopoeia. Hence, 
the main component of that CMD can easily be determined. Then the effective content 
in each CMD is determined by dissolving the CMD in both stomach and intestine 
solutions. Hence, the percentage of the main component in the CMD dissolved can be 
determined. As a result, the total content and the effective content of the main 
component in each CMD can be obtained and the difference between the total content 
and the effective content is discussed. Also the concentration of other elements 
including both trace elements and bulk elements that dissolve in the stomach and the 
intestine solutions other than the main components in the CMD were also determined. 
From the results, the concentrations of 11 elements including trace elements and 
bulk elements have been determined and more importantly some toxic elements such as 
mercury, arsenic and lead were also determined as these toxic elements might be 
harmful to the human body or might even cause death. Moreover, although other trace 
elements may not be toxic, taking too much may also cause ill-health to the human 
body. As a result, careful control of the concentrations of these elements in CMD 
should be done. 
7.6 DISCUSSION FOR EACH CMD 
7.6.1 Fluorite 
Calcium fluoride is the main component in fluorite. The total content of CaF2 
was close to 100% in both samples of the fluorite. However, when they were dissolved 
in the stomach solution, they behaved differently. This was properly due to the presence 
of impurities mainly calcium carbonate and calcium oxide in one of the samples 
(M03new) since these two samples were collected in different geographical regions of 
China. M03new was collected in Hong Kong and M0324 was collected from Shanghai. 
The effective content of CaF2 dissolved by the stomach solution was found to be less 
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than 1 % of the main component in fluorite for M0324 but nearly 85 % of the main 
component in fluorite for the M03new sample. The effective content of CaF2 dissolved 
by the intestine solution was found to be less than 2 % of the main component in fluorite 
for M0324 but near 8 % of the main component for the M03new sample. CaF2 only 
dissolved to around 0.1 % in deionized water with heating. 
From the results, it was found that the effective content of CaF2 was very low in 
the stomach and intestine solutions and fluorite dissolved not well in both stomach and 
intestine solutions. Moreover, it dissolved even less in deionized water. This is because 
the solubility of CaF2 in water is very low. The solubility of CaF2 per 100 g of water at 
298 K is 0.0016 g but CaF2 is soluble in ammonium salts [11]. As a result, the 
percentage of the fluorite dissolved in both acidic and alkaline media were low. As 
expected, it exhibited a very low dissolved percentage towards deionized water. 
However, from the medical view the effective content of calcium is high enough to 
exhibit therapeutic effectiveness in the human body. 
Another observation is that the dissolved percentage of fluorite was higher in the 
intestine solution than that in the stomach solution for both samples. 
The elements present significantly in fluorite sample are calciimi, magnesium, 
aluminum, zinc, iron, fluorine and silicon [2a, 3a]. Fluorine is the other major non-
metallic element because fluorite contains CaF2. There were many other elements in 
fluorite samples detected by ICP analysis. There was much silicon dioxide in the 
fluorite samples that contributed to the presence of high concentration of silicon in the 
ICP analysis [3a]. Also, the effective content of mercury was found to be about 0.2 ppm 
in the stomach solution but not significant in the intestine solution. The effective 
content of arsenic was about 0.04 ppm in the stomach solution and about 0.5 ppm in the 
intestine solution after dissolution. Nevertheless, the level of dissolved mercury and 
arsenic was not significant enough to cause ilhiess in the human body because the 
allowable daily intake dose of arsenic was 0.3 ^ig/kg/day [4]. Zinc was found in both 
the stomach solution and the intestine solution after dissolution but only in small 
amounts, less than 0.02 ppm. 
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Calcium is an essential bulk element in the human body. The concentration in 
human body is around 1.4 % [4]. The probability of taking in too much fluorite causing 
too much calcium in human body leading to ill-health is low because the suggested 
intake dose of fluorite is around 9-15 g [5a]. After decocting fluorite, only about 0.009-
0.015 g of Cap2 is dissolved. Then the effective content of CaF2 in the human body by 
absorption in the intestine may be even lower. However, inadequate intake of calcium 
can cause serious illness. Too much fluoride in the human body will cause serious ill-
health affecting the bones, inactivating enzyme and damaging the nervous and the 
endocrine system [3a]. Zinc contributes a significant therapeutic effect in the field of 
anti-inflammation. The presence of arsenic in the fluorite sample explains why for so 
many years doctors in China believes that arsenic is possibly exhibiting the therapeutic 
effect for fluorite in the human body although this statement is not confirmed by any 
medical journal nowadays [2a]. As a result, the intake of fluorite should be controlled 
appropriately because not only calcium and fluoride are the main elements that can cure 
human body but trace elements such as zinc and toxic elements such as arsenic are 
important elements in fluorite. According to the Chinese Pharmacopoeia, fluorite could 
be used to cure palpitation, convulsion, epilepsy and cough due to cold in lung, calming 
heart and warming lung and uterus [5a, 6], its therapeutic effectiveness could be 
enhanced if the dosage of fluorite is carefully controlled. 
7.6.2 Realgar 
Arsenic suphide is the main component in realgar. The total content of As2S2 
was close to 98-100 % in all samples of the realgar. However, the effective content of 
As2S2 dissolved in the stomach solution was found to be around 0.36-0.66 % of the main 
component in realgar. The effective content of As2S2 dissolved in the intestine solution 
was found to be around 1.44-1.94 % of the main component in realgar. As2S2 only 
dissolved to around 0.33 % of the main component in deionized water with heating. 
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From the results, it was found that the effective content of As2S2 was very low in 
both stomach and intestine solutions. Realgar did not dissolve well in both the stomach 
and the intestine solutions. Moreover, it dissolved even less in deionized water. This is 
because As2S2 is insoluble in water but soluble in sodium hydrogen carbonate while 
arsenic oxide dissolves moderately in water [11]. As a result, the percentage of realgar 
dissolved in acidic and alkaline media were low. As expected, it showed a very low 
dissolved percentage towards deionized water. The reason is that As2S2 dissolves in 
harsh conditions such as heating in nitric acid or fusion with sodium peroxide and 
sodium carbonate [7a]. bi such a body condition, As2S2 is difficult to dissolve. 
Another observation was that the dissolved percentage of realgar in the samples 
was higher in the intestine solution than in the stomach solution. 
The elements present significantly in realgar sample are calcium, magnesium, 
arsenic, aluminum, lead，iron, sulphur and silicon [2b，3b]. Sulphur is the other major 
non-metallic element because realgar contains As2S2. There were many elements in 
samples of realgar detected by ICP analysis. The effective contents of the bulk elements 
such as calcium and magnesium after dissolution by the stomach solution were found to 
be around 0.2 ppm and 0.3 ppm, respectively, and the effective contents of bulk 
elements such as calcium was found to be around 0.4-1.1 ppm in the intestine solution. 
However, trace elements such as iron and zinc were nearly undissolved but were present 
in the realgar. Silicon was nearly undissolved but silicon dioxide was present in the 
samples. 
It is worthy to note that toxic trace elements such as lead were almost absent in 
ICP analysis in all stomach, intestine solutions and deionized water but were present in 
the realgar samples. Mercury is seldom present in realgar samples. 
As arsenic is a toxic trace element, the intake dose should be controlled very 
carefully and the effective content of As2S2 should be accurately known. The allowable 
oral dose of arsenic is 0.3 ^ig/kg/day [4]. The suggested intake dose of realgar in the 
Chinese Pharmacopoeia is 0.05-0.1 g [5b]. Excessive taking of realgar of around LO-
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1.5 g may initiate chemical reaction with the body tissues forming arsenic oxides which 
can destroy the red blood cells and normal body cells [7a]. Therefore, after decocting 
the realgar sample, the effective contents are far less than the toxic dosage. According 
to the Chinese Pharmacopoeia, realgar can be used externally as detoxicant and anti-
parasitic agent for treatment of snake and insect bites, scabies and taken internally to 
cure malaria and tuberculosis for a very long time in the past history [5b, 6]. The 
therapeutic effectiveness can be enhanced if the dosage of realgar is monitored with 
extra attention. 
7.6.3 Cinnabar 
Mercury sulphide is the main component in cinnabar. The total content of HgS 
was close to 93-100 % in all samples of the cinnabar because some of the samples were 
artificial cinnabar which had a much higher purity of HgS that was very close to 100 % 
of the main component in cinnabar. The natural cinnabar had a lower purity than the 
artificial one but still contains over 93 % of HgS in the sample of cinnabar. However, 
the effective content of HgS dissolved in the stomach solution was found to be around 
0.24-0.56 % of the main component in cinnabar. The effective content of HgS 
dissolved in the intestine solution was found to be around 0.46-0.69 % of main 
component in cinnabar. HgS only dissolved to around 0.11% of the main component in 
deionized water with heating. 
From the results, it was found that cinnabar dissolved poorly in both the stomach 
and the intestine solution. Moreover, it dissolved even less in deionized water. This is 
because the solubility ofHgS per 100 g water is 0.000001 g but it dissolves in alcoholic 
nitric acid [11]. As a result, the percentage of cinnabar dissolved in acidic and alkaline 
media were low. As expected, it showed a very low dissolved percentage towards 
deionized water. The reason is that HgS dissolves in harsh conditions such as heating in 
sulphuric acid and potassium nitrate for a long time [7b]. In such a body condition, HgS 
is difficult to dissolve. * 
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Another observation was that the dissolved percentage of cinnabar was higher in 
the intestine solution than in the stomach solution in the samples, however, the 
difference was very small. Hence, the pH value in our study shows small effect towards 
the dissolution ofHgS. 
One important observation was that the effective content of toxic trace element 
arsenic was found to be around 0.4 ppm in all three samples after dissolving in the 
intestine solution and decocting with deionized water but absent in the stomach 
solution. Actually, arsenic comes from impurities such as realgar that contaminated the 
samples where cinnabar occurs naturally [8]. This further confirms that arsenic 
compound is most likely dissolved better in alkaline medium than in acidic medium. 
Cinnabar is a mineral drug that contains a lot of bulk elements and trace 
elements other than the main component. As a result, there were many elements in 
cinnabar samples detected by ICP analysis. The elements present significantly in 
cinnabar sample are mercury, sulphur, zinc, iron, calcium, magnesium and silicon [2c， 
3c]. Sulphur is the other major non-metallic element because cinnabar contains HgS. 
After dissolution in the stomach solution the effective content of the bulk elements such 
as calcium and magnesium were found to be around 0.6 ppm and 0.4 ppm, respectively. 
Calcium was found to be around 1.2 ppm after dissolution in the intestine solution. 
However, trace elements such as iron and zinc were nearly not dissolved but were 
present in cinnabar. Silicon was nearly not dissolved but silicon dioxide was present in 
the samples as cinnabar was usually contaminated with some clay. 
Since mercury is a toxic trace element, the intake dose should be controlled very 
carefully and the effective content of HgS should be accurately known. The suggested 
intake dose of cinnabar in the Chinese Pharmacopoeia is 0.1-0.5 g [5c]. Excessive 
taking in of cinnabar may lead to the formation of mercuric compounds with the body 
protein which can destroy normal body cells [9]. Unfortunately, the mechanism ofhow 
cinnabar can activate their therapeutic effects is still unknown nowadays because there 
are so many bulk elements and trace elements present in cinnabar while the effective 
content of HgS is rather low. Scientists do not know whether the therapeutic effect 
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actually comes from mercury or from other trace elements in cinnabar. According to the 
Chinese Pharmacopoeia, cinnabar can be used extemally as detoxicant for treatment of 
boils, furuncles, carbuncles and internally as sedative, tranquilizer for treatment of 
palpitation, insomnia, infantile, convulsion due to high fever and epilepsy [5c, 6]. 
Nevertheless, it is not recommended to take cinnabar continuously for a long time since 
mercury can accumulate in the human body and cause harmful effect. 
7.6.4 Calomelas 
Mercury (I) chloride is the main component in calomelas. The total content of 
Hg2Cl2 was found to be over 99 % in all samples of the calomelas. It was found that the 
effective content of these three samples differed a lot. For sample M0901, Hg2Cl2 
dissolved most in both the stomach and the intestine solutions. The effective content of 
Hg2Cl2 was found to be around 1.76 % of the main component in calomelas in the 
stomach solution and 3.46 % of the main component in calomelas in the intestine 
solution. While for sample M0903, Hg2Cl2 dissolved least in both the stomach and the 
intestine solutions. The effective content of Hg2Cl2 was found to be around 0.63 % of 
the main component in calomelas in the stomach solution and 0.71 % of the main 
component in calomelas in the intestine solution. For sample M0901, Hg2Cl2 only 
dissolved to around 0.11 % of the main component in calomelas in deionized water with 
heating. This shows that although these three samples have nearly the same total 
content ofHg2Cl2, the effective content ofHg2Cl2 cannot be predicted. 
From the results, it was found that calomelas dissolved poorly in both the 
stomach and the intestine solution. Moreover, it dissolved even less in deionized water. 
The solubility of Hg2Cl2 at 42®C is 0.001 g per 100 g of water. Hence, Hg2Cl2 is not 
dissolved in water but dissolved slightly in hydrochloric acid or nitric acid [11]. As a 
result, the percentage of calomelas dissolved in both acidic and aUcaline media were 
low. As expected, it showed a very low dissolved percentage towards deionized water. 
The reason is that Hg2Cl2 dissolves in harsh conditions such as heating with dilute nitric 
acid. 
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Another observation was that the dissolved percentage of calomelas was higher 
in the intestine solution than in the stomach solution which was similar to the behaviour 
of cinnabar because both samples contained mercuric compounds. 
One important observation was that the effective content of the toxic trace 
element arsenic was found to be 0.07 ppm to 0.29 ppm after dissolving in the intestine 
solution but absent in the stomach solution and deionized water. This shows that 
arsenic is present in calomelas samples but the amount of arsenic differs in each sample. 
This uneven distribution is due to the samples of calomelas which come from different 
regions. One of the samples M0901 was from Nanjing and the other two samples were 
from Hong Kong. This indicates that different impurity level in arsenic compounds is 
due to the geographical factor. 
The elements present significantly in calomelas sample are mercury, zinc, iron, 
calcium, magnesium and silicon [2d, 3d]. After dissolution in the stomach solution the 
effective contents of the major elements such as calcium and magnesium were not 
found. Calcium was found in small amounts of around 0.3-1.0 ppm after dissolution in 
the intestine solution. However, trace elements such as iron and zinc were nearly 
undissolved but they were always present in calomelas. The effective content of silicon 
was low when it was dissolved in both the stomach and the intestine solution. 
Since mercury is a toxic trace element, the intake dose should be controlled very 
carefully and the percentage of Hg2Cl2 dissolved should be accurately known. The 
suggested intake dose of calomelas in the Chinese Pharmacopoeia is 0.1-0.2 g [5d]. 
Excessive taking of calomelas of around 0.8-1.0 g may cause serious ill-health just like 
cinnabar. According to the Chinese Pharmacopoeia, calomelas can be used externally as 
anti-parasitic agent for scabies, tinea, neurodermatitis and eczematous conditions and 




Zinc carbonate is the main component in smithsonite. In the calculation and 
comparison of the contents of smithsonite, zinc oxide is used instead of the zinc 
carbonate because smithsonite is usually calcined and elutriated to fine powder with 
pink tint before use. Hence, zinc carbonate is converted to zinc oxide in this process 
:6]. However, the samples had not gone through the above process in our work. The 
total content of ZnO was found to be around 35 % of the main component in 
smithsonite for M1801, and found to be around 66-73 % of the main component in 
smithsonite for the other samples. For sample M1801, the effective content of ZnO was 
found to be around 35 % of the main component in smithsonite when dissolved in the 
stomach solution and 4.4 % of the main component in smithsonite when dissolved in the 
intestine solution. For the other samples, the effective content of ZnO was found to be 
around 66-73 % of the main component in smithsonite when dissolved in the stomach 
solution but 5.3-7.5 % of the main component in smithsonite when dissolved in the 
intestine solution. For sample M1801, ZnO only dissolved to around 0.0025 % of the 
main component in smithsonite in deionized water with heating. 
From the results, it was found that smithsonite dissolved very well in the 
stomach solution but it dissolved poorly in the intestine solution. Moreover, it dissolved 
even less in deionized water. This is because the solubility of ZnCO3 per 100 g water is 
0.001 g [11]. Hence, ZnCO3 does not dissolve in water but dissolve very well in 
hydrochloric acid. As a result, the percentage of smithsonite dissolved in acidic medium 
was much higher than in the alkaline medium or water. As expected, it showed a very 
low dissolved percentage towards deionized water. 
The elements present significantly in smithsonite samples are zinc, iron, 
manganese, calcium, magnesium, aluminum and silicon from clay [2e, 3e]. The 
effective content of the bulk elements such as calcium and magnesium were found to be 
around 10 ppm and 6.4 ppm, respectively, after dissolution in the stomach solution but 
only in small amounts of around 0.5 ppm and 0.05 ppm after dissolution in the intestine 
solution. However, the effective contents of calcium and magnesium in different 
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samples such as M1801 and M1802 were not similar. This shows that the samples from 
different regions contain different amounts of calcium and magnesium. One of the 
samples, M1801, was from Nanjing and the other two samples were from Hong Kong. 
Copper was nearly undissolved in both the stomach and the intestine solution and also 
in deionized water with heating but copper was always present in smithsonite. 
Trace elements especially iron dissolved in small amount of around 0.3 ppm in 
the stomach solution but nearly undissolved in the intestine solution. However, due to 
the presence of ferric oxide, smithsonite should be calcined and elutriated to fine 
powder with pink tint before use [6:. 
One important observation was that the effective content of the toxic element 
lead was unexpectedly high: around 1.0 ppm，after dissolution in the stomach solution, 
and around 0.18 ppm after dissolution in the intestine solution. However, no lead was 
found after dissolution in water. This explains why Chinese people do not take in 
smithsonite orally to cure diseases in the past history because smithsonite always 
contains lead which is a toxic element [3e]. 
Furthermore, it was found that one could not predict the effective contents ofthe 
trace elements dissolved from smithsonite that come from different geographical regions 
in China, although the total contents of different trace elements in smithsonite were 
similar, hi conclusion, the components including the main component and trace 
elements in smithonsite are different from place to place according to their 
environments and conditions. 
Although zinc is an essential trace element, it is strictly prohibited to be taken 
into our human body. Taking in too much smithsonite may cause the corrosion of the 
digestive system and be harmful to the kidney [10]. According to the Chinese 
Pharmacopoeia, smithonsite can be used extemaIly only as astringent for treatment of 
chronic ulcers, eczema, conjunctivitis, and keratitis [5e, 6]. The therapeutic 
effectiveness of smithsonite depends not solely on zinc, other trace elements such as 
iron, calcium, copper, silicon and lead may also play an important role. 
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7.6.6 Stalactite 
Calcium carbonate is the main component in stalactite. The total content of 
CaCO3 was found to be around 98-100 % in all samples in the study. The effective 
content of CaCO3 was found to be nearly 100 % in all samples except M0203 and 
M0217 after dissolution in the stomach solution. The effective content of CaCO3 was 
found to be around 10.5-12.8 % of the main component in stalactite after dissolution in 
the intestine solution. CaCO3 only dissolved to around 0.18 % of the main component 
in deionized water with heating. 
From the results, it was found that stalactite dissolved very well, near 100 % in 
the stomach solution but it dissolved moderately in the intestine solution. Moreover, it 
dissolved even less in deionized water. This is because the solubility of CaCO3 per 100 
g water is 0.0014 g. Hence, CaCO3 is difficult to be dissolved in water but dissolves 
very well in hydrochloric acid [11]. As a result, the percentage of stalactite dissolved in 
acidic medium was much higher than in alkaline medium or water. As expected, it 
showed a very low dissolved percentage towards deionized water. 
The elements present significantly in stalactite sample are calcium, magnesium, 
iron, manganese, aluminum and silicon [2f, 3f]. The effective content of the toxic 
arsenic was found to be around 0.02 ppm after dissolution in the stomach and the 
intestine solutions in some of the samples. However, the total content of arsenic was 
not constant in different samples so it was difficult to control the toxicity of this mineral 
drug. Also, mercury was found in small amounts ranging from 0.12-0.25 ppm after 
dissolution in the stomach solution but absent in the intestine solution. This showed 
that mercuric compounds were present in stalactite but the total content of the mercuric 
compounds for different samples was not the same. Trace elements such as iron and 
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zinc were dissolved in small amounts of around 0.02 ppm. 
As a result, it was found that one could not predict the amount of trace elements 
dissolved from stalactite because the presence of trace elements varies for samples from 
different geographical regions in China. Di conclusion, the components including main 
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component and trace elements in stalactite are different from place to place according to 
their environments and conditions. 
The suggested intake dose of stalactite in the Chinese Pharmacopoeia is 3-9 g. 
According to the Chinese Pharmacopoeia, stalactite can be used internally to warm lung, 
strength Yang, stimulate milk secretion, for treatment of cough due to consumption， 
cold, impotence, cold numbness of waist and knee and galactostasis [5f, 6]. The 
therapeutic effectiveness of stalactite depends not solely on calcium, other trace 
elements such as iron may also play an important role. 
7.6.7 Magnetite 
Mixture of iron (II) and iron(IH) oxide are the main components in magnetite. 
For easy calculation and comparison of magnetite samples, total iron content is used 
instead of its complicated oxide form. It is used for the other iron-containing mineral 
drugs in the later sections for easy comparison. The total content of iron was found to 
be ranging from 52-59 % in all the samples. However, the effective content of iron for 
these samples differed a lot. For sample M0725, iron dissolved was the highest. The 
effective content was found to be around 2.8 % of the main component in magnetite in 
the stomach solution and 0.89 % of the main component in magnetite in the intestine 
solution. For sample M0703, iron dissolved was the least. The effective content was 
found to be around 0.28 % of the main component in magnetite in the stomach solution 
and 0.27 % of the main component in magnetite in the intestine solution. Even for 
sample M0717, the effective content of iron was found to be around 0.043 % of the 
main component in magnetite in the intestine solution. For other samples, the effective 
content of iron was found to be around 0.8 % of the main component in magnetite in the 
stomach solution and 0.4 % of the main component in magnetite in the intestine 
solution. It was found to be around 0.023 % of the main component in magnetite 
dissolved in decocting of magnetite sample M07new, 
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From the results, it was found that the effective content of magnetite samples 
varied a lot. The possible reasons are that the purity of magnetite is not high because 
the samples of magnetite are always contaminated with clay, which is the source of 
aluminum and silicon compounds, and a small amount of arsenic compounds may also 
be found. Moreover, there are altogether over 20 trace elements such as silicon, 
aluminum, calcium, magnesium, sodium, phosphor, potassium, zinc, manganese, cobalt, 
nitrogen, vanadium, titanium，tin, lead, sulphur, copper, chromium, molybdenum, 
strontium, barium, zirconium and niobium found in magnetite [3g]. Therefore, the total 
content of iron and the chemical constituents in magnetite are not constant and the total 
content varies a lot in different regions. This leads to the difference in effective contents 
of iron and other elements in the dissolution process. 
Another observation was that the percentage of iron dissolved was higher in the 
stomach solution than in the intestine solution. Oxides of iron are insoluble in water 
[11], and they dissolve only very slightly in acid and alkaline, but they dissolve in harsh 
conditions such as hot phosphoric acid. 
The elements present significantly in magnetite samples are iron, aluminum, 
silicon, calcium, magnesium, manganese and arsenic [2g, 3g]. Silicon and aluminum 
were found in relatively high concentrations ranging from 0.3-2.6 ppm and 0.2-0.8 ppm, 
respectively, after dissolution in the stomach solution showing that the samples of 
magnetite contained significant amounts of clay. Chromium and lead were almost 
undissolved in both the stomach and the intestine solutions and they were absent in 
decocting. 
It is worthy to note that both the concentration of silicon and that of aluminum 
were very high in decocting magnetite samples. The possible reason is that these two 
elements are abundant in clay, which in tum are also abundant in magnetite samples and 
clay dissolves in deionized water. 
It is not surprising to find that arsenic was found afler dissolution in the intestine 
solution in some samples of magnetite because arsenic adhered to the impurities such as 
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clay. But it is difficult to predict the presence of arsenic in the samples and the total 
content of arsenic compounds since the samples were collected from different 
geographical regions. 
Magnetite is not a toxic mineral drug. The suggested intake dose of magnetite in 
the Chinese Pharmacopoeia is 9-30 g. According to the Chinese Pharmacopoeia, 
magnetite can be used intemally as sedative, tranquilizer and anti-asthmatic for 
treatment of tinnitus, headache, palpitation, insomnia, epilepsy and mania due to 
exuberate of vital function of liver or heart and chronic asthma [5g, 6]. It is seldom 
used externally for medical purpose. The therapeutic effectiveness of magnetite 
depends not solely on iron, other elements such as calcium, aluminum may also play an 
important role. 
7.6.8 Limonite 
Hydrated iron (III) oxide is the main component in limonite. For easy 
calculation and comparison of limonite samples, total iron content is used. The total 
content of iron was found to be around 61 % of the main component in limonite for the 
two samples M0613 and M0625. But it was very strange that the total content of iron 
was found to be around 3.4-3.8 % of the main component in limonite for the other two 
samples M0617 and M0620, which contained very low iron contents and were not 
qualified as acceptable drugs by the definition of the Chinese Pharmacopoeia [5h]. For 
sample M0613, the effective content of iron was found to be 0.51 % of the main 
component in limonite in the stomach solution and 0.36 % of the main component in 
limonite in the intestine solution. For other samples, the effective content of iron was 
found to be around 0.15 % of the main component in limonite in the stomach solution 
and around 0.1 % of the main component in limonite in the intestine solution. The 
percentage of iron dissolved for the sample M0613 was found to be 0.11 % of the main 
component in limonite after decocting with deionized water. 
« 
97 
From the results, it was found that the effective contents of the limonite samples 
varied a lot. The possible reasons are the same as described in the section for magnetite 
samples. Another observation is that the percentage of iron dissolved was higher in the 
stomach solution than in the intestine solution. Hydrated ferric oxides are insoluble in 
water [11]. 
The elements present significantly in limonite samples are iron, aluminum, 
silicon, calcium, magnesium and zinc [2h, 3h]. The effective content of silicon and 
aluminum were found in relatively high concentrations, around 13 ppm and 58 ppm, 
respectively, in decocting limonite. It should be noticed that the high concentration of 
aluminum present in decocting limonite is one of the characteristics of limonite samples 
[3h]. 
The effective contents of trace elements such as chromium and lead were found 
to be almost zero in the intestine solution but around 0.03 ppm and 0.09 ppm in the 
stomach solution, respectively. Chromium and lead were found to be around 0.17 ppm 
and 0.25 ppm in deionized water, respectively. This shows that the samples of limonite 
always contain chromium and lead. The effective contents of calcium and aluminum 
was found to be around 0.8 ppm and 1.0 ppm in the stomach solution and around 1.3 
ppm and 0.5 ppm in the intestine solution, respectively. They were also found in 
decocting limonite because calcium and aluminum were from the clay. 
Limonite is not a toxic mineral drug. The suggested intake dose of limonite in 
the Chinese Pharmacopoeia is 9-15 g. According to the Chinese Pharmacopoeia, 
limonite can be used internally as astringent for treatment of chronic diarrhea or 
dysentery menorrhagia and lenkorrhagia [5h, 6]. Although the effective content of iron 
is low, the therapeutic effectiveness of limonite depends not solely on iron, other 




fron {JE) oxide is the main component in hematite. Again, for easy calculation 
and comparison of hematite samples, the total iron content is used. The total iron 
content was found to be around 54-62 % in all the samples. The effective content of 
iron from hematite samples dissolved in the stomach solution was found to be around 
0.97-1.3 % of the main component in hematite and were quite similar. However, the 
effective content of iron in the intestine solution differed a lot. For sample M0813, the 
total iron dissolved was the least. The effective content of iron was found to be around 
0.29 % of the main component in hematite. For sample M0818, the total iron dissolved 
was the highest. The effective content of iron was found to be around 1.6 % of the main 
component in hematite. It was found that in most samples the effective content of iron 
dissolved was between 0.61 % and 0.93 % of the main component in hematite. The 
percentage of iron dissolved for the sample M0814 was found to be 0.08 % of the main 
component in hematite after decocting with deionized water. 
From the results, it was found that the effective content of iron was low in the 
stomach, intestine solutions and water because oxides of iron are insoluble in water 
11]. They dissolve slightly in acid. Another observation is that the percentage of iron 
dissolved was higher in the stomach solution than in the intestine solution but very low 
in deionized water. 
The elements present significantly in hematite samples are iron, aluminum, 
silicon, calcium, magnesium and zinc [2i, 3i]. The effective contents of the bulk 
elements such as calcium and magnesium were found to be around 0.1-0.4 ppm and 
0.02-0.10 ppm, respectively, after dissolution in the stomach solution but the effective 
content of calcium was found to be around 0.6-2.1 ppm after dissolution in the intestine 
solution. Also they were found to be around 2.9 ppm and 0.18 ppm, respectively, in 
decocting hematite. The effective content of aluminum and silicon were found to be 
around 0.2-0.4 ppm and 0.3-0.5 ppm, respectively, in the stomach solution. But they 
were nearly not dissolved in the intestine solution. Also,.significant amounts around 1.1 
ppm and 6.5 ppm, respectively, were found in decocting hematite. A small effective 
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content of trace element such as zinc, around 0.07 ppm, was found in the stomach 
solution but they were nearly not dissolved in the intestine solution. It is worthy to note 
that arsenic was found to be around 0.45 ppm in the intestine solution. Hence, arsenic 
should be monitored carefully when hematite was used for medical purpose. Chromium 
was practically undissolved. 
Hematite is not a toxic mineral drug. The suggested intake dose of hematite in 
the Chinese Pharmacopoeia is 9-30 g. According to the Chinese Pharmacopoeia, 
hematite can be used intemally to depress the retrogrademotion of energy for treatment 
of belch nausea, vomiting asthma and subdue the nitus and as hemostatic for treatment 
of spitting blood and nose bleeding due to heat in blood [5i, 6]. 
7.6.10 Pyrite 
fron(II) sulphide is the main component in pyrite. Again, for easy calculation 
and comparison of pyrite samples, total iron content is used. The total iron contents of 
the three samples were found to be around 40-44% of the main component in pyrite. 
However, the effective content of iron in the stomach solution differed a lot. For sample 
M1301, the total iron was the highest, and the effective content of iron was found to be 
around 3.33 % of the main component in pyrite. For sample M13new, the total iron was 
the least, and the effective content of iron was found to be around 0.24 % of the main 
component in pyrite. The effective content of iron in the intestine solution also differed 
a lot. For sample M1313, the total iron was the highest, and the effective content of iron 
was around 1.0 % of the main component in pyrite. For sample M13new, the total iron 
was the least. The effective content of iron was around 0.014 % of the main component 
in pyrite. The percentage of iron dissolved for the sample M13new was found to be 
0.001 % of the sample of pyrite after decocting with deionized water. 
From the results, it was found that the effective content of pyrite samples varied 
a lot. The possible reasons are similar as those described in the section of magnetite 
samples. Another observation was that the percentage of iron dissolved was higher in 
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the stomach solution than in the intestine solution. The solubility of FeS2 per 100 g 
water is 0.00049g[l l ] . 
Some people believe that CuFeS2 is the main component in pyrite, however, this 
is not so by the definition in the Chinese Pharmacopoeia [5j]. hi fact, FeS2 is the correct 
main component of pyrite. But nowadays, there are still people who believe that 
CuFeS2 is the main component in pyrite, so that when samples of pyrite are collected, 
we should be aware of this fact and should apply suitable methods to distinguish 
between these two main components [2j, 3j]. Ln our work, we have not attempted to 
distinguish between the samples of pyrite. From our results, the effective content of 
copper was nearly zero in both the stomach and the intestine solutions, and also no 
copper was found in decocting pyrite. Hence, we can conclude that our samples contain 
only FeS2 as the main component. 
The elements present significantly in pyrite samples are iron, zinc, nickel, cobalt, 
manganese, silicon, aluminum, calcium and arsenic [2j, 3j]. The effective content ofthe 
bulk element such as calcium was found in relatively high concentration of around 1.5 
ppm in the intestine solution but nearly zero in the stomach solution. The effective 
contents of silicon and aluminum were higher in the stomach solution than in the 
intestine solution. They were around 0.13-0.22 ppm and 0.03-0.08 ppm, respectively, in 
the stomach solution but around 0 and 0.01-0.02 ppm, respectively, in intestine solution. 
The effective content of trace elements such as zinc was found to be ranging from 0.02-
0.12 ppm in the stomach solution but the effective content was not constant. Zinc was 
practically not dissolved in the intestine solution and water. It is worthy to note that the 
effective content of arsenic was around 0.4 ppm in the intestine solution. Hence, arsenic 
should be monitored when pyrite is used for medical purpose. Chromium was 
practically not dissolved. 
Pyrite is not a toxic mineral drug. The suggested intake dose of pyrite in the 
Chinese Pharmacopoeia is 3-9 g. According to the Chinese Pharmacopoeia, pyrite can 
be used to set fractures, relieve pain by dispersing st4gnated blood for treatment of 
traumatic fracture and pain due to blood stasis [5j, 6]. Although the effective content of 
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iron is low, the therapeutic effectiveness of pyrite depends not solely on iron, other 
elements such as manganese, cobalt and zinc may also play an important role. 
7.6.11 Talc 
Mg3[Si4O10](OH)2 is the main component in talc. For easy calculation and 
comparison of talc samples, silicon dioxide content is used instead of the above 
complex form. The total content of SiO2 was around 31-58 % in all samples. The 
effective content of SiO2 was around 1.0-1.4 % of the main component in talc in the 
stomach solution. However, the effective content of SiO2 dissolved in the intestine 
solution was found unexpectedly high and around 1.2 % of the main component in talc 
in one of the samples M17new. In other samples, the effective content of SiO2 was 
around 0.24-0.29 % of the main component in talc in the intestine solution. The 
percentage of silicon dioxide dissolved for the sample M1702 was found to be 0.40 % 
ofthe main component in talc after decocting with deionized water. 
From the results, it was found that the effective content of talc samples was not 
high in both the stomach and the intestine solutions. It was about the same when 
compared with the effective content of SiO2 in the intestine solution and decocting talc. 
They were around 0.1-0.2 % of the main component in talc. Another observation was 
that the percentage of silicon dissolved was higher in the stomach solution than in the 
intestine solution. Hydrous magnesium silicate is insoluble in water [11]. 
The elements present significantly in talc samples are silicon, magnesium, 
calcium, aluminum, iron, manganese and nickel [2k，3k]. The effective contents ofbulk 
elements such as calcium and magnesium were found in large amounts of around 1.0 
ppm and 1.5 ppm, respectively, after dissolution in the stomach solution and around 1.6 
ppm and 0.3 ppm, respectively, after dissolution in the intestine solution. Trace element 
such as iron was found in both solutions after dissolution but the effective content of 
iron was found in very low concentration of less than 0.4 ppm. It is worthy to note that 
the effective content of arsenic was found unexpectedly high and was around 0.3-0.5 
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ppm in the intestine solution. Hence, arsenic should be monitored when talc is used for 
medical purpose. 
Talc is not a toxic mineral drug. The suggested intake dose of talc in the 
Chinese Pharmacopoeia is 9-24 g. According to the Chinese Pharmacopoeia, talc can be 
used as diuretic and clear up summer damp-heat for treatment of acute diseases due to 
summer heat, acute enteritis, watery diarrhea, oliguria and infection of urinary system 
[5k]. 
7.7 CONCLUSION 
bi conclusion, there is always a great difference between the total content and the 
effective content of the main component in each CMD. It is because the solubility of 
the main component is different towards water, acidic or alkaline media. Although the 
total content of the main component of a particular CMD may be close to 100 %，the 
effective content is far less than the total content. It should be noted that when a person 
takes a CMD, that drug is first decocted. Sometimes, a person can take in a CMD 
capsule form directly without decocting. Then inside the human body, the CMD is 
digested by the stomach and the intestine juice successively with the conditions of body 
temperature and peristaltic motion. It j s found that the effective content of that main 
component and other elements present in a particular CMD are sharply reduced. Table 
40 summarizes the total contents and the effective contents of the main component for 
each CMD. hi order to enhance the therapeutic effectiveness of that CMD, the 
relationship between the total content and the effective content should be determined 




Table 40. Summary of the total contents and the effective contents for each CMD 
Name of Total Contents of Percentage of the main component dissolved by : 
CMD main component fEffective contents) 
Stomach solution Intestine solution Decocting 
~Fluori te 99 - 100 % 1 - 1 0 % 1 - 8 % 0.12% 
“ R e a l g a r 94 - 100 % 0.3 - 0.7 % 1 . 4 - 1 . 9 % ~ 0.33 % 
Cinnabar 93 - 100% 0.2 - 0.6 % 0.4 - 0.7 %~"~ 0.11 % 
Calomelas 99 - 100 % 0 .6 -1 .8% 0 . 7 - 3 . 5 % ~ 0.11 % 
Smithsonite 35 - 68 % 34 - 73 % 4.4 - 7.5 % 0.0025 % 
Stalactite 98- 100% 96- 100% 1 0 - 1 3 % 0.18% 
Magnetite 50 - 60 % 0.2 - 2.9 % 0.04 - 0.9 % 0.023 % 
Limonite 3 - 62 % 0 .1-0 .5% 0 .1-0 .4% 0.11 % 
Hematite 54 - 62 % 1.0-1.4% 0 .3-1 .6% 0.086 % 
~ p ^ 40 - 45 % 0 .2-3 .3% 0.01 - 1.0% 0.0012 % 
T ^ 3 1 - 5 9 % 1.0-1.4% 0 .2-1 .3% 0.40 % 
In this study, it is not appropriate to combine the three sets of dissolution results 
(namely decocting, stomach and intestine dissolution) in order to estimate the overall 
dissolution results due to the process of digestion in the human body. It is because our 
work is a simple illustration using external environment to simulate the internal body 
stomach dissolution and intestine dissolution separately but not in successive steps. 
Also there are many other enzymes in the digestion canal that may affect the dissolution 
in the real situation ofthe human body. Moreover, it is possible to take in CMD directly 
as a capsule form instead of first decocting the CMD. Hence, it is not appropriate to 
combine our dissolution results to obtain an overall value of the effective content of a 
particular CMD. Each dissolution result should be analyzed separately. 
Moreover, it has found that the therapeutic effectiveness of the CMD depends 
not solely on the main component of a particular CMD, other elements including both 
the trace elements and buUc elements may also play an important role. Hence, it should 
秦 
be noted that the monitoring of the total content of main component as well as other 
elements present in a particular CMD becomes important. 
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In this work, it was found that not only should the total content of the main 
component of each CMD be known accurately but also the effective content of that 
CMD should be included in the quality control method, so that a more appropriate dose 
of CMD for medical purpose can be used in order to enhance the therapeutic 
effectiveness ofthat CMD. Further, some CMD also contain toxic elements, and hence 
they should be carefully monitored. A strict guideline for the concentration of 
impurities and toxic elements in each CMD should be included for reference. Li light of 
the above suggestions, some amendments to the traditional quality control method in the 
Chinese Pharmacopoeia should also be made to facilitate a more appropriate medical 
usage ofeach CMD and the use of the Chinese mineral drug for medical purpose can be 
made more scientific, effective and worldwide. However, before such a new quality 
control method can be implemented, more researches should be done to confirm the 
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English - Chinese table ofCMD 中英對照表 
Name of CMD Treatments: 
礦物藥名稱主治： 
Fluorite cure palpitation, convulsion, epilepsy and cough due to cold in 
紫石英 lung, calming heart and warming lung and uterus 
內用作醫治心悸、惊風、搐溺、癲癇、咳嗽、鎭心安神、MP 
和暖宮 
Realgar used externally as detoxicant and anti-parasitic agent for treatment 
雄黃 of snake and insect bites, scabies and taken intemally to cure 
malaria and tuberculosis 
外用作消毒劑和處理蛇、蟲咬、皮膚病如济癬，內用作醫治瘧 
疾和肺癆 
Cinnabar used extemally as detoxicant for treatment ofboils, furuncles， 
朱砂 carbuncles and intemally as sedative, tranquilizer for treatment of 




Calomelas used extemally as anti-parasitic agent for scabies, tinea, 
輕粉 neurodermatitis and eczematous conditions and intemally in small 
quantities as expectorant for persistent phlegm 
外用作醫治皮膚病如疥癣、神經皮炎和濕疼，內用作袪痰劑 
Smithsonite used extemally only as astringent for treatment of chronic ulcers, 





Stalactite used internally to warm lung, strength Yang, stimulate milk 
鐘乳石 secretion, for treatment of cough due to consumption, cold, 
impotence, cold numbness of waist and knee and galactostasis 
內用作溫肺、壯陽、刺激乳汁分泌，醫治咳嗽、傷風、陽痿、 
凍腫的腰、膝和半乳糖硬化 
Magnetite used internally as sedative, tranquilizer and anti-asthmatic for 
磁石 treatment of tinnitus, headache, palpitation, insomnia, epilepsy and 




Limonite used internally as astringent for treatment of chronic diarrhea or 
禹余烺 dysentery menorrhagia and lenkorrhagia 
內用作止血劑醫治慢性腹瀉、痢疾和月經過多 
Hematite used internally to depress the retrogrademotion of energy for 
赭石 treatment ofbelch nausea, vomiting asthma and subdue the nitus 
and as hemostatic for treatment of spitting blood and nose bleeding 
due to heat in blood 
內用作醫治嚼吐、呃逆、喘息和止流鼻血 
Pyrite used to set fractures, relieve pain by dispersing stagnated blood for 
自然銅 treatment of traumatic fracture and pain due to blood stasis 
外用作較骨、散瘀血和舒緩創傷的痛楚 
Talc used as diuretic and clear up summer damp-heat for treatment of 
滑石 acute diseases due to summer heat, acute enteritis, watery diarrhea, 
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